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PRnFACR 


Since tV beginning of the Prc-unu'cr^it^ c]af«^cs, Ftudents, 
teacher^ and cduc'iiionale'St'! are worriM about the falling standards. 
One of the riam findings of ih" fact finding committee which went 
into the causes of thi« deterioration is the absence of standard ieyi- 
boohs covfiin^ the Prc-Unh^rnlj/ fyVahu^. The present book is an 
attempt in that direction and wc hope, students and teachers of 
Phyeics will appreciate this The book covers fully the syllabus for 
the Pre-Uni vcr«ity Examination of the Utuvcr«ity of Rajasthan, and 
has the following special features : 

1 Taking into consideration the low standard of English of 
the students, simple language has been used Long and complicated 
sentences have been avoided 

2 Looking to the requirements of Biology students the 
mathematical steps of calculations have been explained in greater 
detail which svill enable a student possessing elementary know- 
ledge of mathematics to understand these steps withoat any 
diffioultj’ 

3 The topics have been discussed in such a way that even 
students who did not opt for optional science at their High School 
Examination will not find it difficult to follow them A large 
number of diagrams have been added to explain the construction, 
working and principles involved. 

4. As regards the weakness of students in solving numerical 
problems, a large, number of solved examples hats been added at the 
end of concerned article The solutions have been given in such 
a way that they will enable the students to understand the article 
as well as enable him to solve successfully other unsolved problems. 

5 An exhaustive list of questions is added at the end of each 
chapter and answers are indicated. 

We are sure that in the light of above features the book will 
be most useful We hope like our books “A Text-book of Practical 
Physics” and ’ this book will be appreciated as well 

Suggestions towards the improvement of this book will be 
highly appreciated. 

Messrs Ramesb Book Depot, our publishers and our printers 
deserve our special thanks because they could bnng out this book 
even under most difficult conditions 


July, 1960 
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CHAPTER I 


UNITS 

§1. Necessity of a unit: — ^In our clailj*' bfe, theie is a great 
importance of ■weigliing and measuring various quantities We want 
to know the distance between Jaipur and Jodhpur How much 
time would it take to reach from Jaipur to Jodhpur^ When we give 
cloth to a tailor we measure it m yards and inches When we 
purchase vegetables in the market we want to know how many seers 
of potatoes are being weighed ? In this way at every step, we want 
to assess various quantities Similaily thestud}’- of anj' physical event 
or the formulation of anv law’ governing a phenomenon requires the 
exact measurement of various Cjuantities involved 

§2. Measurement of a quantity : — When w e saj' that the 
length of a partieulai rod is 200 centimetres, the weight of a body is 
200 grams or the time taken by a person m going from A to B is 200 
seconds every statement carries two important thmgs Firstly it is 
the unit in which the quantity has been measured It is centimetre, 
gram and second respectively m the above statement Secondly 
the number 200 which states how many times the unit is contained 
in that quantity Without any of these two things the statement 
wiU have no meaning If we say’ that the length of a rod is 200 
mass of a body in grams or time is 200, the meamng is not cleat 
A body’ of many persons by jomt agreement or the government 
arbitrarily fixes a certain quantity’ which we call a unit To 
measure any thing w e compare its quantity w’lth that unit i e we 
decide how many times the unit is contained m the given quantity 

§3. Fundamental quantities: — In our study we would come 
across a large number of quantities Neither it is neccssary 
nor convement to select an independent and arbitrary unit for each 
of them In physical science three quantities are fundamental 
The Unit of (i) length [u) mass and (m) time They’ are indepen- 
dent of each other All other quantities can be expressed m terms 
of these tliree quantities For example thg speed or velocity of a 
body’ can be determined if w e know the distance travelled (i e length) 
by’ the body in a certain time If we know the length of a box in 
three perpendicular directions we can find out its volume Such 
umts which can be expressed in terras of the fundamental units 
are know n as derived units ~ - - - _ 

Practical units: — Sometimes the derived units are either too 
small or too large to express any physical quantity In such cases 
•V con\enient unit is selected which bearb some relation to the derned 
unit This is known as praelical unit, while the derived units as 
explained above arc known as absolute units 
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§4. Kinds of systems; — ^Two kinds of systems are prevalent' 
for measurmg the various quantities (z) Metiic System or Decimal 
System (n) British System Out Government has completely decided 
to introduce the Decimal System. » ! 

(z) Metnc system • — ^In Metric Sj^stem the fundamental umts 
are (z) centimetre for length, {ii)' gram for mass and (z/7) second for 
time Therefore this system is also known as centimetre gram second' 
system or CGS system - ‘ 

(zz) British system * — In-^this system the fundamental units are 
(z) foot (z'z) pound and (zzz) second. This system is therefoie known 
as (F P S ) foot-pound-second system 

§5. The unit of length:— Accoidmg to decimal system, the 
unit of length is eentimetie This is l/lOOth part of a metio Accor- 
ding to international agreement a rod 
made of an alloy of 90% platuium and 
’ 10% indium is placed in a laboratoiy ' 
in Pans (France) Two marks have been 
put on this rod at a certain distance 
The distance between these' two maiks 
at C’C IS known as the 'metre (fig I) 
This kind of standaid rod is only one in , 
the world and by some accident this 
may be destroyed Soientists'have, there- ' 
foie, cahbrated this distance in terms of 
the wave-length of cadmium red According to it 1 metre contains . 
1553163 o wave-lengths of cadmium red light 

As you have lead in your VIII class the following tables give 
the lelation between various divisions and sulidivisioiis of different 
units of length 



DECIMAL SYSTEM 


10 Millimeties 
10 Centimetres 
10 Decimetres 
10 Metres 
10 Decametres 
10 Hectoqptres 

1 Micron 

I Angstrom 

12 Inches 
3 Feet 
220 Yards 
8 Furlong' 


' =1 Centimetre 
—1 Decimetre 
=1 Metre. 

=1 Decametre 
—1 Hectometre 
=sl Kilometre 
r =I0~“ Milhmetre 
jjrsiO"* Metre 
=10“® Centimetre 


ISltlTISH SYSTEM 

=1 Foot, 

= 1 Yard 
=1 Furlong. 
=1 Mde 
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1760 Yards 
1 LigM Year 


=1 Mile. 

=Distance travelled by light 
m one j^^ear 

= 186000 X 60 X 60 X 24 X 365 
miles 

=5 865 X 10^® mdes 


2 54 Centimcties 


= 1 Inch 


30 5 Centimcties =1 Foot 

§6. Unit of mass : — ^Like the metre, a lump of a similar alloy 
has been placed m the same laboratory The mass of this lump at 
0“C IS 1 kilogram This is also equal to the mass of one litre of 
water at 0°C 1000 giams=l kilogram Therefore mass of 1 c c of 
water is 1 gram 

Table of divisions and subdivisions of unit of mass 
METRIC SYSTEM 


10 Milhgrams 
10 Centigrams 
10 Decigrams 
10 Grams 
10 Decagrams 
10 Hectograms 


=1 Centigram" 
=1 Decigram 
= 1 Gram 
=1 Decagram 
= 1 Hectogram 
= 1 Kilogram 


BRITISH SYSTEM 


=1 Ounce (6z ) 

=■1 Pound (lb ) 

= 1 Quartei (Qr ) 

= 1 Hunderweight (Cwt ) 

= 1 Ton 

1 Pound =453 6 Grams 

At O^C the mass of 1 cu foot of water is 1000 oz or 62 5 pounds 


16 Drams 
16 Ounces 
28 Pounds 
4 Quartei 3 
20 Hundeni eights 


1 


§7. Unit of time : — In both the sj-stems the unit of time is second 
Earth rotates about its axes and also revolves loundthe sun m a fixed 
orbit The time taken bv the earth in completing one rotation is known 
as one day while that for completing one i evolution is one year The 
time interval of each day isdifierent for different positions of the earth 
in its orbit The average time of rotation for the whole year is Imown 
as mean solar daj' One second is 1/86400 part of a mean solar day 
60 Seconds =1 Jlmute 


60 Minutes =1 Hour 

24 Hours = 1 Dai 

365 Dais =1 Year 

§8. A few denied units and their definitions: — All quantities 
like velocitv volume, area, etc except fiindanicntal quantities of 
length, mass and time are known as derived quantities Their corres- 
ponding units aic know n as derived units 
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Velocitj’ : — ^Veloeiiy is defined as the rate of change of distance 
t n a ^ven direction. 

mx e f 1 ^ Length __ Centimetre 

Therefore, \ elocitT= « 5 — 

Time {second 

=Centnnetre3 pet second. 

=:Cm 'Sec 


The unit of relocity is centimetics jiei second. In British 
sTStem the unit is feet per sec 

Acceleration: — ^Eate of diange of reloeity is kuOTin as accele- 
ration in a given direction 


Therefore, 


Acceleration= 


Teloci ty _ C entim etre per sec 
Tune Second 

=Gentimeters per second per second 
=-Cmss./Sec ~ 


In Bntish system the nnit is foot per second per second. 

Force: — It is that tlung which produces acceleration in a body. 
That force which produces unit aecclei'ation in unit mass is Icnov n as - 
unit, force 


Force =:IMassX Acceleration 


=Gram X centimetre per second per second 
*«Dyne 

The umt of foice is known as a dvne I dyne force is that 
force which uili produce an acceleration of 1 centimetre pei second 
per second m a mass of 1 gram in a given duectioh The unit of 
force in British system is poundaL One poundal force is that foi ce 
which will produce au acceleration of 1 foot pei second pei second m 
a mass of 1 pound in a given direction 

Work : — ^\Vhen the pomt of application of a force moves through 
a eertam distance in the direction of force, u ork is done ' 


Work =Foicex distance. ' 

=Dyiie X centimetre. 

=Ergs. 

TTien a force of one dyne is displaced through a distance of 1 
cm. the amount of woik done is one erg. Similarly when a force of 1 
poundal is moved through a distance of 1 foot, the work done is 
one foot-poundaL The piactical unit of work is joiile 1 ]oule<= 10 ’^ 
ergs. Similarly 1 foot-i)ound =32 foot-poundal 


Power : — The rate of doing work is known as, power. 
Work _ 

Time 
Joule 


Power 

Here 


Ergs 

=R — = eiCTS per sec 
beconds - 


Seconds 
1 J^ 3 lowaft—X 000 Watts , 


Watts “ 
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The unit of powei in British system is laiown as Horse Power. 
If an engine can move a force of o.j0 pounds through a distance of 
1 foot in 1 «;econd its pouci is I horse pouei 
1 Horse Power=740 Watts 

In this uay the unit of any other derived quantity can he fixed 

§9. Inter-relation between a feu denied units in both the 
'Systems : — 

1 roundal=l pound X J foot jicr sec- 

=453 6 gram x 12 X 2 54 cm xiei sec - 
=453 6 X 12 X 2 .54 X gram X cm jicr sec " 

= 453 Ox 12 '.2 )4 dynes 
=138348 dynes 

1 foot xiound =1 pound Xl foot 

= 1 X 32 poundal X 12 x 2 54 cm 
=32 X 12 X 2 54 poundal x cm 
=32 X 12 X 2 54 X 13834 8 dynes X cm 
= 1365 28 X 10^ eigs 
=1 36x 10' ergs 

QUESTIONS 

1 What IS a unit^ What is its importance Define fundamental, and 
•derived units Give examples (Sec §§1, 3, and 8) 

2 Define velocity, acceleration, force, work and power Mention their 
units in both the systems and gi\ c their inter-relation (See §8 and §9). 



CHAPTER n 

MEASUREMENTS OF LENGTH 


§1. Measurement of Length: — You aliead}'^ hnou from j'our 
soliool time that the mam instrument for moasiirmg length is either 
a metro scale or a foot rule. You also Icnoti lion* to find out the 
length of a straight lino ivliieh can be measured with ' the help of a 
thread and a scale While using a scale the following precautions > 
are to be observed 


(?) Do not measure fiom the begmnmg of the scale because its , 
end may be worn out (h) IWienevei j'ou are talang the reading of 
the scale keep your eye vertically above the division 


§2. Principle of a vernier: — ^Whilc using a scale many times 
we come across a situation as shown in fig 2 Here point B 

lies between 21 cm and 2 2 
cm Therefore the length of 
the hne AB is moie than 
2 1 cm and less than 2 2 cm > 
In this way we can find out the 
length of a Ime correct up to 
the first place of decimal In order to find out length moie accura- 
tely we make uso of a second short scale laiown as ■vernier scale 
Tins vermei scale is fixed on the main scale and can slide alongside 
it There are geneially 10, 20 or 25 divisions on the vernier scale 
Suppose there are 10 divisions on the vermer scale These ten divi- 
sions of the veimer scale are made equal to 9 divisions of main scale 
Therefore I division of the vernier scale is equal to 9/10 division 
of mam scale If the mam scale is dmded m milhmetres, then 1 
division of vernier scale will bo 9/10 
mm Therefore, the difference betw'een 
1 division of the vermer scale and I 
division of the mam scale will be 1—9/10 
or 1/10 mm Suppose for a certain 
position of vernier the zeio of the Fig. 3 

vermer scale is m Ime w’lth 2 cm on 




Fig 2 


the mam scale then as shoirn in fig 4 the lOth dimsiou of the 
veiniei scale will^ coincide with 2 9 cm 'No other division in betw^eeh 

will coincide anywhere The fiist division 
of the vemiei scale will be shorter than 
the first division of main scale by 1/10 mm. 

, Similarly 2nd dmsion will be shorter by - 
2 X 1/10 mm arid so on Now if the vernier 
scale IS moved forwaid so that the first ^ 
Fig 4 division of the I’^emier scale coincides with, ' 
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O’ 


2 1 cm then the zero of the voinier scnle "wjH move forward by 
1/10 mm Similnrh* whcji the second division coincides, the distance 


ad\ anced bv the zci o of the vci nioi scnle 
18 2x2/10 and so on In this \iav the 
di'-tnncc moved forwnul bA the /eio of 
the vcrmei scale in fig o is Gx 1/10 mm 
In this case the position of the /cio of 
the vernier scale is 2 00 cm 


Ul 


n 


10 
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Consider the same case as shoiin in fig 2 -when point B 
does not comcicle vith the main scale division In such a case move 
the Acrnici scale so that its zeio coincides uith point B (fig 3) Take 
the reading of the mam scale on the left of the yeio of the vernier 
This gives the main scale reading Xov find out mIucIi diMsion of 
the vernier scale !•> coinciding uitli mam scale division Suppose it 
IS the 4th division It means the 7oro of the a crnioi scale has moA'ed 
forward from 2J Ija* 4x 1/10 mm or 4 mm or 04 cm Tliciofore- 
the position of the /cio of the A'erniei scale is 2 1+ 04 cm that is 
2 14 cm In this aica* we can measure length aceurateh’’ to the second 
place of decimal The smallest length which can be measured Aiith 
this Acrnier is 01 cm and is knoAin as A'crniei constant In any 
case, A-ernier constant can be detennmed by the formula gi\'en 
below — 

,, . , Smallest dmsion on M S 

\ einier constant ==-:= j—? y y- A - 

Xo ol dmsions on \ b 

§3. Vernier Callipers ; — ^This is a a ery useful instrument We 
can find out the internal oi external diameter oi measuie length, 
proA'ided it is small, Avith the help of a A-erniei callipeis 



Construction: — We haA’e already discussed the construction' 
and working of a simple vernier Vernier callipers is shown in 
fig 6 P is a thin strip of motal carrying a fixed jaw J, at one- 
end Mam scale (M S ) is graduated in centimetres and millimeties 
on P J« is anothei moA'able ]aw parallel to Ji is attached to such 
a strip which can be moA*cd along the mam scale V S is the vernier 
scale marked on the moA^able strip Generally theie are 10 divisions 
on the A'ermer scale Therefoie its least count (LO) is 1/10 mm oi 
01 cm When touches J^, the zeio of the A-einiei scale coincides 
with zero of the mam scale 
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Working: — (See Text Book of Practical Physics h 3 ' the authors" 
for greater detail) Suppose tveirant to find out the external diameter 
of a caloiimeter Place it between the two jau s m ' such a way that' 
neithei it is too tight nor too loose 2fow find the position of the zero 
of the vernier scale because the diameter of the calorimeter is equal 
to the distance between the two jaivs which is equal to the 'distance 
between zeio of the verniei scale and zero of the mam scale 

Take the leading of the mam scale up to the left of the zeio of 
veiniei scale Find out the division of the vernier scale coincidmg 
with a mam scale division Multiplv this by vernier constant and 
add it to the mam scale reading. Tins will give the diametei of the 
calorimetei 

1 s 

To measure internal diameter: — We can find out the internal 
diametei with the help of jaws Xi and a. Put these jaws inside the 
body and move the veimcr till the jaws touch both the sides Take 
the reading of the vernier as shown above Tins gives the iiiteinal 
diameter 

To measure depth* — A thin strip is also attached to the vernier 
step When the jaws are m contact, the stiip is just equal to stiiji P 
On moving the vermer scale the stiip comes out Put this inside 
the vessel till it touches its bottom Take tho leading on the verniei 
scale as explained above This will give tlie depth of the body 

Zero-correction: — ^If the zero of the veimei scale does not 
coincide nith the zeio of the mam scale iihen the two jaws aie m 
contact then there is a zero eiior m the mstiument In oidoi to 
find out the necessaiw conection, put the tvo jaws m contact and 
take the reading of the zero of the veiiiiei scale as explained abov^e 
If the zeio of V S lies to the left of S Zeio the coirection is to be 
added if othennse it is to be subtracted 

§4. Screw Gauge — Geneially we can measuie length eonect 
up to the second jilace of decimal w ith tho help of a vernier calhpets 
TJieiefore it is useful for measunng diametei’s of thicker bodies For 
measuring diameters of ivnes etc \\e make use of a sciew gauge 

Coustruction. — A scieiv gauge is shown m fig 7 .4 is a 

icctangulai oi U shaped fiame of metal A steel plug [B) with 

caiefully planed face is fixed at one 
end of the frame A nut is attached 
to the other end of the fiame A 
hollow ojdmd^i* M is attached to the 
nut Mam scale in millimetre or 1/3 
millimetre is marked on this cylinder 
along a xeference line if A screw D 
with flat end moves 'inside the nut. 
To the 'Olhei end" of the screw* is 
attached a cap F wdueh moves on 
the mam scale Tlio eiicular scale of tho cap is dnided m 100 oi oO 
equal paits. Tho scale can be rotated with the help of a nulled 
head 
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Principle: — When n screw is given one complete rotetion, 
gcnoinlly it. moves forvnrtl by 1 mm and the zero of the scale 
rotates by 100 divisions That is when the cucular head rotates by 
100 divisions the screw moves by Irani and thciofoic when the 
screw' rotates by 1 div it will mo\c bj' 1/100 mm If it rotates by n 
divisions it will advance by ;i X 01 mm 

When B and D touch each othci, zero of the ciioulai scale 
should coincide with zero of the mam scale Thcieforc the distance 
between B and D will be equal to the distance moved by the mo of 
the cuculat .scale 

Definitions. — 1 The distance travelled by the ^aew m one 
complete rotation of the circular scale is known as the pitch of the 
screw 


2 The distance tiavelled by the screw when the circiilai scale is 
rotated by 1 division is known as least count of the instiiiment 

_ Pitch 

~ Xo of divisions on ciiculai scale 
_1 mm 
“ 100 


Least count 


= 01 ram = 01)1 cm (Geneially) 


Working: — Find out the pitch and least count as shown above, 
Place the wiie between B and D and move the head till the wne is 
ncithei too loose noi too tight Take the mam scale reading and note 
the division of ciiculai scale in lino with the lefeience line Find the 
total reading by the formula, total reading =M S reading +C S 
reading X least count Tins w'lll give the diamctei of the wne 

Zero-correction* — If the zeio of the circular scale does not 
coincide with the zero of the mam scale when B and D are touching 
each othei there is zeio error in the instrument To determine this 
find out as to how many divisions the zeio of the ciiculai scale is 
above or below the mam scale line Multiply this by least count 
This w ill give the zero error If the zero is above the hire, correction 
should be added to the total leading, if otherwise it should be 
subtracted 

Note —Sometimes a latchet head F is attached at the top of 
the milled head In such a case w'hen we rotate the ratchet head the 
screw will not move forw'ard after it has touched the wire or end 
B Thus it will be saved from damage 

§5. Spherometer : — ^This instrument is also based on the princi- 
ple of the screw gauge This is u.sed for finding out the radius of 
curvature of spherical surfaces and therefore it is known as asphero- 
meter 

Construction : — {See fig 8) It consists of a metafile frame 
standing *on three legs A, B and C wdnclr form the vertices of an 
equilateral triangle A screw D passes through the centre of the frame 
such that it W’lll pass through the centre of the triangle A circular 
disc E is fixed at the top of the screw This disc is divided into 
60 or 100 divisions and can be rotated bj' means of a head F The 
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scrcT!' will move ami down 



Working:— iSee A Text 
awfhoTs). To Snd oat tbe tMckaess- of a plate' — 


so rotated bv /*. Abng one 
of the legs i<5 attsched a vcrlfcal 
strip G which torches the eweujn- 
fcrence of the disc. Main sca^e is 
gradna'ted on this 'ttrip in mailmetre*. 
ticnerdiy' when the disc is given one 
complete rotArion it moves on the 
xn-tn scale by 2 dhision »\e. by I 
miUimetre Thi=*> is known as the 
pitch ofthe screw . When this is dhided 
by tile liimiber of dmdons on tbe 
circtiiar scslc. w*e get the ica'rt connt. 
When the spherometer is plac?ed on a 
g^ass plate an:l the sc"ew is rotated 
so that it also touobes It^. then the 
three legs %'rill form an eqoilateral 
triangle and the screw -wiK touch at 
the centre of tbe fnangle (See fig. JO,i 

Book of Practical Phi'sics "bv the- 


First find out the pitch of tbe screw and the least coent, Xow 
place the spherometer on a plane glass pkte and rotate the screw 



tiii it tonches the glass plate In this position tbe tip of the screw 
D and its image in the glass plate wfil appear to touch each other. ^ 
Ufow take the reading of the upper edge of the disc. If there is na 
zero error this reading w2i be zero otherwise note the teadzag. 
ilove the screw upwards and place the ^ass piece below the screw 
and move the screw such that It touches the glass piece. Again take- 
the reading of the main scale and note the drvision of the circuit 
scale coinciding with the main scales Arultipiy this by the least count 
and add it to the main scale reading- This reading zero error 
{i e . initial reading) is ihe thickness' of the plate. 
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Sinco AF 18 also median of ilio 
triangle ADC, AD—2J3 AF 

- 2,0, /T 


= (1 
3 

In the triangle AOD ' Pig (9) 

Since angle ADO is a right angle, thcicfoie, mc have 
Ao^=AD^A-Do^ 

=AD^A-{00'~DOy 
r^=AD’'+(r-Ii)^ .*. Ao=0'o= 

.\ ^ 2r/i+/i® 
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§6. Measurement of time: — Time is measiired by » stop-clock 
oi stop tratcb- The least count is generally 2 second. Oa first press 

the ■watch starts, on setonci press if 
stops when reading is taken and on 
third ptcss theie is a fly black action 
when all the hands come to mitial 
position and the stop-watch is ready 
for use again A stop -watch ib shown 
in fig 11. The small circle neat the 
key reads mmutes and the large 
central circle reads seconds and sub- 
divisions 

In the old dat-s people used to 
judge tune by the jiosition of sun in 
daytime and by star positions during 
night Then u ere developed the sand 
clocks TTitli the advent of modern 
eia came the days of springy watches 
and pendulum clocks. The accuracy 
of mea'suremeat of time increased 
IJJb'w in this atomic eia are developed some atomic clocks "which can 
measure time to the accuracy of a second in thousands of years 

f 

QUESTIONS 

1. Discuss ths pnactple of vernier scale and erplain how vernier constant 

IS calculated. {See ^2) - ' , ' 

2. Desenbe the construction and working of a screw gauge. Describe its 
use in determining the radius of a wire {See^ A). 

3 TShat is a spherometer * I>escnbe its construction and working. How is- 
it used to determine radios.of curvature of a spherical body t Deduce the formula, 
you use. (See § 5). * ' , ' 




CHAPTER in 
VOLUME 

m. Volume The„spacc-oco«picrl-.b.v- is knov n as its 

volume * You have le'ad m youi general science that the volume of 
a book IS less than that of a box Every 
bodj occupies some space accoiding to 
its size Greater is the length or bieadth of 
a body grcatei uill bo its volume If tuo 
bodies aie equal in length and breadth 
then volumes ivill depend upon the height 
Tinig -rtft Kfipfli at volum o.oLa,Jiodv-dopends 
ii]^n Icnprii, bieadth and height. 

In case of a unifoim bodi as shown 
in fig 12, AB is length, BC breadth and 
BD IS height 




Volume=X< xBxH 
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Fig 12 


^2. Unit of volume : — Unit of volume in metiic system is cubic 
centimetre It is the volume of a cubic ivliose side is 1 centimetre 
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Fig. 14. 
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Fig 13 

Similarly the volume of a cubical body ivliose side is 1 metre is one 
cubic metre Its side can be expressed m centimetre also It will be 
inn oms therefore its volume lyll be 100 X 100 X 100 cubic centimetres 
rauHo 1 cuiic metres equal to 100x100x100 oub.o con- 

timetres In this way we can form the whole conversion table as on 
paee 2 unit of volume in British System is cubic feet It is the volume 
lA cube whose side is 1 foot When we say that the volume of 
a solid IS 1 000 c c it means that its volume is equal to a cube whose 
sideislOcmror Its volume IS 1.000 times the volume of a unit cube 
83 Volume of regular solids:— Regular bodies are those bodies 
whose sides follow certain regular pattern like book, box, sphere, 
cylinder, cone etc Irregulai bodies have got no definite shape like a 

piece of stone 

Xo 
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Tolume of regular bodies can be calciiJatcd witb the help of 
formulae gireu below 

(i) Volume of a rectangular paraVeJopfped 

—length X breadth height 

(ii) Volume of a c«he=sidex side xside= (bide)® 

{7k) Volume of sphere^4 /dr (rad ms)®«4/a7:f^ 



Fig 15. 


Here r=i radius of ibe sphere and 

4 

(iv) Volimc of a cylinder —-trVh ^ 
oi —r^ 1 

Hcie i Ssthc radius and li or 1 is 
lic'ght or length of the ci Imder. 

■s 

(v) Vohtme of a cone=^7-r-h 

Hero r is radius of the base and h 
IS height tn order to jind outthc rolume 
of above solids mcasute their sides or 
radius with the help of a scale, tenner 
callipers oi screw gauge dexiending upon ' 
their sue 


§4. To find the -1011006 of 
Irregular bodies:— For this purpose 
we use measuruig glass (fig 15) 
burette or pipette as shown in the 
figure 




Fig 16. ' 
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§5. To find the \olumc of a piece of stone: — Wc know that 
whenever a hody is dnjpcd in water it will displace watci equal to its 
own volume Put some Avater iii a gi aduated jar Take the reading of 
the lower meniscus w atei level AVhilo reading these instruments eye 
should be placed in the same level The surface of the liquid will be 
curved Take that leading which is tangential to this surface at the 
lowest point Now' put the body gcntlj' inside the cylmdei Water w ill 
rise again and take the reading The difleience of the two readings 
gives the volume of the bod}*^ In order to find out volume of bodies 
which cannot be placed in graduated jai wc can use bmette oi pipette 

QUESTIONS 

1 What do you understand by volume of a body ? How is it measured for 
regular and irregular bodies ? {See §1, §2 and §3) 



CHAPTER IV 


MEASUREMENT OF MASS* 

§1. Mass ; — The amo un t of subs tance contehiecl .in_a^ hodj’^ j« 
known as ma^s The amouiir of'u'ooST’cqulretl m the construction 
of chair fsTessTilian that m the consti notion of table Therefoie mass 
of chair is less than that of table 

The unit of mass m metric sj^stem is giamand m British system 
IS pound. 

§2. Variation of mass: — The mass of a body is not altered by 
moving it fi:om one place to another Unloss the body is divided or 
something is added to it its mass remains constant 

§3. Weight:— Aecoj ding. J ;0 Ja-w, .of .gcavitation-evorybody. is 
attracted towards the centre of the caith vitb a certain force This 
force IS proportiohm to the mass of the body- andjs. known as tlic 
weight of the body As you will lead later on this force varies from 
place to place on the sulface of the eartli or with height from the 
surface of the earth and with depth below the siuface of the earth 
Thus weight of a body is not constant 

§4. Methods for measuring mass; — The instiument vliioh is 
used for measunng mass is knoun as balance They are of tuo 
types {a) spring balance, (Z>) pbj^sical balance In fact we measuie the 
weight of a body and not the mass, with the help of a spnng balance. 

§5. Spring balance: — [5'ccFjg IS, (i) and (w)] This consists of a 
hollow flat tube in which aspring B is attached from the top of the tube 

The lower end of the spiing 



carries a hook in which a body 
whose u eight is to bo deter- 
mined IS suspended A pointer D 
is attached to^tbe spring which 
moves over the scale 'iVhen 
there is no 'load on the spiing 
the pointei reads zero When the 
load is suspended from the 
spring, it extends, tlie extension is 
propoition'al to the load placed 
[fig 1& [n)] and the pointer gives 
the V eight of the body If a 
body is weighed with the help of a spring balance at diffeient places 
on the surface of the earth,, its weight wiU be different It will be 
more on the poles, less on the equatoi, less at a certain height and 
also loss inside the surface of the earth . - 

*This chapter is not included in course butht lias been given for the salce of 
continuity * ' v 
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Fig 20 


point 

Working: — Adjusl the levelling sciews till the plumb line is 
\eitically above the metallic point 

(//) Gently i use the beam and sec tint the pointer moves 
equalty in botli the direetions, if not adjust it by moving Gj and Gj 
till it defleets erjually in both tlio sides 

(ni) Place the body in right hand sale and jilacc apiiroMmately 
equal weight in left hand side Raise the lovei and note the deflection 
Adjust the weights t ill equal deflection is obtained on both the Bides 
Note the weights This will give the weight of the body 
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Precaations : — 1. Place tlie body m left hand side and weights* „ 
m light hand side 

2 Bo not place any weights when the beam is raised 

3 Close the doors of the bos -a bile taldiig reading 

4 Do not touch weights by youi hand 

f> Bo not weigh a hot or damp thing , 

§7. Requisites of a good balance : — A good balance should be 

(i) True 

(fi) Sensitive and 
(m) Stable 

(/) TVue : — A balance w ill be true if the weight of a body comes- 
out to be same in both the pans Foi this, its arms must be equal in 
length and weight The pans must also be equal in w'eigbt Other- 
wise the balance will be false ^ 

(ii) Sensitive ; — If a balance gives a large deflection for a small 
difference m weight m the two pans it is known as sensitive For this 
the beam of the balance should be long, it should be hght and the 
distance befcw een fulcrum and centre of gravitv should be small 

(in) Stable: — A balance is stable if it comes to lest lery soon. 
This will bo possible when the beam is short, heavy and the distance- 
between the fulcium ^nd centre of grievity is laige 

Thus W'e see that sensitivity and stabihty are opposite to each 
other and the same balance cannot satisfy both the conditions Wfr 
select a sensitive oi a stable balance accoidiug to its use For weigh- 
ing costlytlungsorseientificmeasurement we use sensitive balance and 
for weighing heavj’ things w e use stable balance. 

§8. To find a correct weight with the help of a false balance: — 
TJieio are two methods for finding correct weight : — 

(i) Gauss’s method : — ^First place the body m one pan and find 
out its weight ( IFj). Then place tlie body in another pan and again, 
find out its weight ( JVs) The true weight FT is given by . 

W==V^'i FFa 

(k) Boarda’s method : — Place the body in right hand side and 
place something like sand or atone pieces in left hand pan ' , Remove 
the body and place weights m right hand side pan Tliis will give the- 
true weight of the body - _ ' 

QUESTIONS, 

1 Distinguish between mass'and weight (See §^1, 2, 3) 

2. How will you measure the mass of a body t {Sec §6) 

i 



CHAPTER V 

DENSITY AND RELATIVE DENSITY 


§1. Density: — Take two pieces of iron and \\ood having equal 
volume Tr 3 ’' to lift thoin, you amU find that the non piece is lieaviei 
than the vooden one That is mass of iron is raoio than that of 
equal volume of m ood In this w ay if w e find out the masses of 
■diffeient substances having equal volumes w e can corapaie their relative 
heaviness This idea is contained in density which is defined as 
mass ofjlie substa nce pej taut volume Density of non is 7 G giams 
per cc It moans the m'ass of 1 cc of non aviU be 7 6 grams 
Density is given bv the following iplation, 

D^-y grams pei c c 

AAhere M is mass in giams and V is volume in c o and D is density 
The unit of density in British system is pounds pei cubic foot 

§2. Density of water: — Mass of 1,000 cc of watei is 1 kilo- 
giam oi 1,000 giams Thus density of watei is 1000/1000 le ,1 giam 
per c c Generally this is true at 4° C Density of water in Biitish 
system is 62 6 pounds or 1,000 oz per cubic foot That is one cubic 
foot of water will Aveigh 62 o pounds 

§3. To determine density : — In older to find out density of a 
body we should know its mass and volume 3Iass can be determined 
with the help of a physical balance In case of regulai bodies volume 
can be found out by measuiing its dimensions In case of inegular 
bodies volume can be determined by graduated jai oi any othei 
method, given in the chapter of volume Density can be calculated 

by the above formula 

Numerical Problems.— 1 Find the density of a cylindrical body 
whose length is 15 ems and radius is 2 ems Its mass is 113 4 grams 
We knoAV that the volume of a cylinder V is given by K=7r 1 
here i=2 ems and 1=15 ems 

F=3 14X2X2X15 

=188 4 c c 
Af=113 4 grams 

Density D=^ 

_113 4 
188 4 

= 6 giani iiei c c 
21 
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Calculations ; — 


log 113 4=2 0547 
log 188 4=2 2751 


_ 1 . 779G 

Anti log 1 7706= 6020 

2 Afoiv muc/i v.atei should be added to 125 oc of copper 
sulphate solution of density 1 5 grains per c c so as to reduce it to J’25 
grams per cc ? 

Suppose ive add a c c , of uater 

Mass of copper sulphate solution befoie adding uater 

= V d— 125 X 1 5 giams 

Mass of water added=JC grams (1 c c =1 gram) 


Total mass 

Total volume 
Density of mixtuie 


=(125X1 o~{-x) giams 
=(187 5+a) giams 
=(125 +a) c c 
_ Total mass 
Total volume 

“125 +A 

Cross multipij'mg 

1 25 (125-^^)=(187 5+A'1 

_lS7o-l 125X125 
125-1 


125=- 


A = 


=126 c c 


§4. Relatire density * — Often we want to Jenou the relative 
densities of different substances Since uater is a moie common 
substance and is easily available we compaie the densit 3 ' of every 
other substance with lespect to water The ratio of the density of 
the substance Xo the^dj^itji^pfjyater^is known '<w -Relative Density *<w 
Specific Gravi^ . Since it is the ratio of two siinilaf quauBiti^ it has 
no unit When the densitj' of any substance is compaied with any 
other substance (mcluding water) we call it relative density^but when 
it IS compared with density of water it is Icnoun as specific giaTit 3 \ 


Specific gravitj’ 


Densit}'^ of the »;ubstauce 
Density of u ater at 4®C 


^ Wt o f the substance. - 

'Wt of an equal vol of uatei at 4“C, 


Suppose the densitv of the substance =7 6 grams per c,c 


A Specific giavity 




1 Since the densitj of uatet is one in metric system theiefore, 
density IS numerically equal to ^ecifie gravity But in British - 
sj'stem density of water is 62 >, tlieiefoie density of the suhstahee is 
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4.5. To dcicnnince specific {*ra\Uj:— 


priS'S \ 


th I' it . uf fht ' tlli'l liu t 

P< n >it\ nl 'lit r 


M I-' nf thf. -.nff*! line loluint' <if suhslisnee 
M '.n! v.itit volumi of wnitr 


M'‘ss ti* the ‘•uh-^l itue 

<»f < tjiml Milumo of wnlcr 


M of the sulotantf 

Miss'. Ilf water fltspHept! !>% ilic siibslmce* 


^! ft- i.f tlu .•'iih'itTMCo 

Nolsniv «t wnttMlispluofl lo Iheisnbstanoc 


Tborcfoa' in ottlor (o find out »}>eci(ic {rruMls hist find ont its 
miss. Then find out the \obnm* «»f onttr displincd b\ it hince mass 
of stater IS mirnenc.dls eciinl to its sobirne speoific piimtv can be 
obtained by tlic nliovc fornuiln 


§(i. Specific grasitj liodic; — ^Tlns bottle is hIiomii in the figure 
(/) Its volume is peucrallv 2.1 c c os .10 c c It enrrics a glass 
stopper with a fine hole in it Tin*) is to ensure that tlie 
bottle IS completely full with htjuid The bottle is com- 
pletely filled with* the given liquid and then stoi>i)ei is 
genth pressed so that some of the liquid comes ont 

§7. To find out the specific gravity of a liquid witli 
the help of specific graiit} bottle: — ^Takc the specific gravity 
bottle, clean it and drv' it Find out its mass w ilh the 
help of a physical balance Let this be Wi gram Xow fill 
up the bottle eomplclel v w itb w ater and put the stopper 
and after drying it from outside find out its mass again 
let this be Wj, gram Throw awaj’ the water and after 21 

dry'ing it fill it up ith the liquid and find out its mass again Let 
this he TFg gr.im Kecoid voni obseivations as shown below * 

1 Jlass of specific gravity bottlc= Wi gram 

2 jMass of sjiccific gravity bottle -1-M^atcr= IT" gram 

3 Mass of sp gravity bottle -i-liquid= giam 
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' Mass of liquid =1^3— Ffi gram 
Mass of water=1^^2— IFi gram 

Since volume of water=volume of liqmd 

fV — JV 

Therefore specific giavity of liquid= 

In this way we can find the specific giavity of an3' liquid 

§8 To find the specific gravity of lead shots with specific gra- 
vity bottle; — ^Find out the mass of sp giavity bottle as explained 
above Put a few lead shots in it and again find out its mass Pill 
up the bottle with water and again find out its mass ITow remove 
the lead shots from the bottle and fill it up with water complete^ and 
find out its mass Find out the specific gravity as shown below * — 

1 Mass of specific gravity bottle= Wi gram 

2 Mass of sp gravity bottle -}-lead shots = IP' gram 

3 ]\Iass of sp gravity bottlo-i-lead shots in it 

-f watei = FPg gram 

4 Mass of sp gr bottIe-l-\vat-er= ifs gram 
Mass of load shots fP== IP'— IPj giam. 

Mass of equal volume of Mater== IP3-I- 1?^— gi*a*u 

Because in the second case since lead shots are inside bottle, 
theiefoie mass of water contained iii it Mill be less by the amount of 
water whose volume in equal to the volume occupied bj^ the shots 

. o —XI’*,. ^lass of shots 

. Specific gi avity of shots=c7 5 ; — ^ 7 — r" 

^ o j Mass of equal volume of u^ater 

JV 

Numerical Problem : — The mass of specific gravity bottle is 27 52 
gtams when empty and 51 25 giams when filled with some lead shots. 
When it IS f Hither filled with water its mass is 74 15 giams When it is 
completely full of water alone its mass is 52 52 giams Find the specific 
giavity of lead shots 

Mass of lead shots 

Mass of M atei displaced, 


*. Specific gravity 


§9. To find tlie specific gravity of a ’soluble' substance like sugar 
or common salt; — Find out the lelative density of sugar with lespect 
to some otliei liquid in which it is insoluble hke keiosene as explained 
above. Take kerosene instead of ivatei Again find out the relative 


—51 26—27 52 
=23 73 grams 
=52 52+23 73 -74 15 
=2 1 grams 
23 73 , 

"7 21 
=11 3 Alts 
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density of kerosene with lespeot to water as explained in §7 The 
specific gravity of solid will he given by the folloAving formula Specific 
gravity —relative density of the substance with respect to kerosene X 
relative density of kerosene with respect to water 

Proof of the above formula : — Specific gravity of the substance 
__ Density of the substance 
Density of water 


_ Density of the substance ^ D^wty_of liquid 
Density of the liquid Density of water 

Relative density of the substance with respect to liquid X Rela- 
tive density of liquid 

Numerical Problem. The following observations were taken dating 
-<in experiment : — 

(i) Mass of specific giavity bottle =4^ 72 giants 

(ii) Mass of sp gt bottle+salt=20 52 gtams 

{ill) Mass of sp gr bottle-\-salt-\-spirit—39 1 grams. 

(iv) Mass of sp gr bottle4-spint=36 22 grams. 

(v) Mass of sp gi bottle ■\-watei =40 72 grams 

Find out the specific gravity of spirit and salt 
Mass of spirit =36 22—15 72 

=20 50 grams 
Mass of watei =40 72— 15 72 

= 25 grams 

„ 4. * 20 50 

. Sp gi of spirit =———=82 

Mass of salt =20 52— 15 72 

=4 80 grams 

Mass of spiiit displaced =36 22-f4 80—30 I 

= 102 

Relative density of salt with respect to spii it 

_4S0 

102 


■2 05 


Specific gravitv of salt with icspcci to vatci 

Calculations : — 4 80 x S2 

log 4 8= 6812 
log I 02= 2833 
, oT 1913S 
5050 
2SW 

"nn 

Ant log 3117 = 2 050 


j .,2 
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^10. To determine the specific grarity of a iiqaid trfth'the help • 
U-tahe.— 'Tahe a U tube of glass fixed tip on a Trooden stand in 
a vertical position (fig 22). Tvo scales aro' 
fixed on tlie stand fiy the side of the tno 
limits Put some mercun' in the tube Xhe- 
level of mercUryin both columns n ill be thfr 
same In one of the columns put some 
amount of liquid. Pore -vvatei m the second 
limb till the level of mercuiy' in both the 
limbs is the same Xote the length of bquid 
column and water column The R D. can 
be calculated according to the formula 



'MiPGUR? 


Specific gravity of liquid 


Fig 22. 


sngth of Vi ater column 


Length of liquid column 



wheie Hx is the height of water column and the height of 
liquid column- 

proof of the formula • — Smee the level of mercury column is the 
same m both the limbs, therefore, pressure of liqmd on mercury must ' 
be equal to pressui-e of wafer on mercury, jffotr pressure of a liquid 
column IS equal to BDg dynes per sq centimetre, vhere H is height. 
D is density of the liquid and g is acceleration, due to gravitv. 

Piessure at J, Pa= P ressure at J , Pb. 

P.\= Atmospheric pressure-f pressure of the water 
column. 


or 


=P-j-iTx.Dx.g. (Density of water is 
SimilarJv . 

P^HxDxg^P^HJ)^ 

H, 


Specific gravity 


■Di Hz 


Numerical Problem : — After some mercury is put fn "u U-iitbe, 
i%azer is poured in one column and ghcerme in another column such 
that the level of mercury is the same m both the tubes. The length of 
water column is 40 ems and the length of glycerine is 32 ems Find 
the Sp. grariiv of glycerine. ^ - 


Stjcc sSc gravity of gh cenne= 


Eright of water c olumn 
Height of liquid column 


40 


•w > 


V 
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QUESTIONS 

1 Define density and relative density How are they interrelated^ Is the 
relation the same in both the systems of units ? (See §1 and §4) 

2 How will you determine density of a substance ’ (S'cc§ 3) 

3 Describe how you will use R D bottle to determine 
(0 R D of a liquid, {See §7) 

(») R D of lead shots, {See §8) 

(ih) RD of sugar (iS'ec§9) 

4 How will you determine R D of a liquid by a U-tube ’ {See §10) 

5 For numerical problems {See Chapter VI) 



CHAPTER VI 
ARCHIMEDES’ PRINCIPLE 


1 

§1. Archimedes : — He was boiai in Cisili in 287 B C He spent 
this whole hfe in the study of Science and Mathematics Once he waS 
asked to test the punty of the material of the crown of Empefor» 
Hero. The ciown was made of gold. One daj% when he was taking 
his bath Archimedes found himself lighter m watci, he cried -out 
‘Ureka Uieka' i e , found out Generally we all know that a bucket 
of water IS lighter so long as it is mside uatei and becomes heaviei* 
when it IS pulled out of water " ' 


Experiment: — Take a spiing balance and suspend a weight 
from it Take its leadmg How hold the spring balance in such a 
manner that the weight remains m water fig 23. 
Again take the reading . It would be less than the , 
previous one Take out the weight again and lead' 
the balance it ivill give some weight It shows 'that 
whenevei a body is immersed eilhenvhoUyjor partially' 
m''a'liquidliToses~We1ghr 'Ttiis Toss in weight is "equal 
to the weight of the liquid displaced by the body. This 
is known as Archimedes’ Principle. 

Suppose the volume of a body is 100 c c and - 
its weight IS .oOO grams in vacuum When it iS 
immersed in any liquid it will displace 100 c c of 
liquid The loss in weight of the body will be equal 
to the weight of 100 c c of the liquid In case of 
watei 100 0 0 of watei weighs 100 grams tlieieforc 
loss in w eight wall be 100 grams / e , 
the weight of the body in watei will 
be 500—100=400 grams In any 
other hquid of densit 3 ’^ d, the loss m 
weight will be 100 giams 

Fig 23. §2. To verify Archimedes’ Prin- 

ciple experimentally: — Take a hydro- 
staiao balance as shown in fig 24 A bucket (R) and 
a sohd cyhndei (C) is suspended from one of its arms 
The size of the cylinder is equal to that of the bucket ' 

Place weights in the light hand pan so that the pointer 
reads zeio Place a beaker containing water below the 
cylinder in such a way that the whole of it dips mside' 
water This wall disturb the equihbrium' of the bala- 
nce The right-hand pan will go up showing that the . 
cyhndei has lost in weight How pore water in the 
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bucket till it IS completely full It will be found that again the 
pomter will read zero That is again the equihbnum is restored It 
proves that the loss in v eight is equal to the weight of water contamed 
m the bucket whose volume is equal to the volume of the cylmder 
Therefore loss m weight is equal to v eight of equal volume of water 
IrTthis ivay the Archimedes’ Principle can be veiified 

§3. Explanation of Archimedes’ Principle — Why does a body 
lose weight when immersed m a liquid ’ If we press a log of w ood 
m water and leave it, it w’lll come up again 
with a force It shows that watei exeits force 
on the body in upward direction Tins force 
is known as upthrust Weight is the foice 
with which earth attracts a body towards its 
centre It acts vertically in the downward 
direction When a body is dipped m a liquid 
two forces will act on it, one is its w'Cight W, 
actmg in the downward direction while the 
other IS upthrust (T) acting m upward direction Therefore 
resultant force in the downwaid direction is (W— T) Hence there 
IS loss in w'eight {See fig 25) In fig 26, a rectangular body ABCD' 
IS dipped m water h cm below the surface The pressure exerted 
by water on the two sides AD and BC is equal and opposite 
and therefore balance each othei The pressure on the top AB of the 
body IS duo to atmospheric pressure plus pressure due to liquid 
column h cm This acts in downward direction while the pressure on 
the lower surface DC is more due to extra water column of length 
I cm Therefore pressure in upw ard direction is more than that in 
downward direction This difference gives use to upthrust force T 

Kemember mass of the body remains tlie same 

§4. Actual weight of a body: — Generally we weigh a bodj* in 
ail which will also apply upthrust and therefore its weight will bo 

less than its actual weight by the weight of 
air displaced bj' the body Since the density 
of air is small this loss in weight is negligible 
and hence we neglect tins loss in weight To 
find accurate weight wo must weigh tlie bodj* 
m vacuum 

^5, To find the specific gravitj of a body 
with the help of Archimedes’ Principle . — \Ye 
knoAV that. 

Specific gravity of a body 

Mnss of the_body 

JIa% of equal volume of water 

Since the value of gis thcFainc for both, we 
can put weight instead of masi in the aliovc 
formula 
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Sp gravity Weig ht of the body 

Weight of equal volume of ivater ’* 

As shown above, 

Loss of V eight in ■\vater= Weight of watei displaced 


= Weight of equal volume, of water. ' 


A Sp giavity 


Weight of the body in air 
Loss of weight in water 


To find the sp. gravity of a solid by Archhnedes'^ 
Frmciple — Find out the weight of a bodj’’ in air using hydrostatic 
balance Let this be Wj^ Suspend the hodj* in a beaker contaimng 
water and again find out its weight Let this he Wa Then loss of 
weight in water ==Wi—WzgL'am 


Sp 


gravity= 


Weight in air 
Loss of w^eight in water 


_ -JCi- 

“Wj-in 

If the body is soluble m water then find out its RD. with' 
aespect to some other liquid as explained above and multiplv it with 
■theRD ofthehquid . 

Numerical Problem —A body weighs 6003 grams m 'air and 42 
.giams xn water Find its sp gravity. 


Sp giavity of a body 
Loss m wt in water 


_ Weight in air 
Loss 111 wt m water 
= 1 ^ 3=60 03 -42 


A Sp. giavity of the ' 


Wi~Ws ' 


Calculations. — 

Log 60 03=1 7803 
Log 18 03= 

ol78 

Anti log .5178=3295 


__60 03 
18 03^ 
=3 3< ^ 


§7. To find the specific -gravity of a liquid' by Archimedes’ 
Jrnnciple — -TaJm a solid which is insoluble in w^ater as well. as in the 
given liquid Find out ‘it^ w'eight in air Also, find out its weight 
when it IS suspended lu the liquid and then in water Tiet these 
w eights be Wj, and IFz lospectively Then, we have, 

Loss of weight in liquid= Wi—Wz ■ 

V Loss of weight m water= Wx — ffa > 

Since We have found the loss of w eight oLthe same, solid in 
both liquid and water, 'the volume of liquid and. water. displaced is' 
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the same Hence JVi— fVg and Jfi — JVg aic the Aveights of equal 
volume of liquid and water 

Therefore sp gravity of liquid 

Weight of liquid 

Weight of equal volume of uatci 

^ Wi- W. 

W\-Wg 

Numerical Problem : — A body weighing 50 grams m air weighs 45 
^ams m water and 45 6 grams m alcohol [Find the sp gravity of 
alcohol 

Weight of the body in air (JVi)=oO grams 
Weight of the body in water ( lFa)=45 giams 
Weight of the body in alcohol ( 1 ^ 2 )= 45 6 grams 
Loss of veight in water ]Vi~ W^3=50— 45 

= 5 grams 

Loss of i\ eight in alcohol JVi— 1^2=50—45 6 

==4 4 giams 

^ ^ Loss of wt in liquid 

ofwt m w ato 


§8. To find the sp. gravity of a light body: — Suppose wo 
-want to find out the sp gravity of cork or wax Find out the weight 
-of the body in air (Wj) Take a sinker and suspend it in water 
keeping cork m air and find out its weight ( Wg) Tie both coik and 
einker mside water and find out its w'eight ( JV 3 ) Then, w e have, 

Weight of the cork in air = gram 

Loss of weight of the cork in water= fVg—- IV 3 gram 


Sp gravity of coik 


Wg-Wg t 


Numerical Problem : — The weight of a piece wax is 18 03 giams 
m air. A piece of metal weighs 17 03 grams m watei When the 
piece of the metal is tied to the wax and weighed in water, its weight 
.is 15 23 grams Find the sp gravity of wax 

Weight of wax in air =18 03 giams 

Weight of sinker in water =17 03 giams 

Weight of wax in air and sinker m w'ater = 18 03 + 1 7 03 

=35 06 giams 

Weight of sinker and wax in watei =15 23 

Xoss in w t of wax in water =35 06—1)23 


=19 S3 giams 


10 83 


, . Sp gravity of wax. 
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§9. Principles of floating ': — Wo have seen that when & body' 
IS immersed in a liquid two forces act on it. One is the weight of the 
body which acts vertical!}’’ downward and another is the upthrust 
which acts in the upward direction Tins upthrust is equal to the 
weight of the displaced liquid As more and moie of the body sinks in- 
side liquid moie and more hquid is displaced which increases the up-.* 
thiust till the whole of the body is immersed 

First Law : — If m any case upthrust js equal to the weight of the 
whole body the resultant foice on the body will be zero and it will begin ' 
to float (i)Jf the densrty of the liquid is less than the density of 
the solid, upthrust will bo less than weight of the body and body, 
•will sink. 

(w) If the densdy of tlie liquid is equal to the density of the • 
solid, the body u ill float just submeiged. 

(in) If the density of the liquid is moie than the density of the 
solid, only part of the body will dip inside liquid In this case the 
Aveight of displaced liquid is equal to the weight of the w’hols bod}’’ 
Let V be tlic volume of whole body and D its density Let v be 
the volume of the body inside liquid and d be the density of the 
liquid Then according to the above principle. 

Weight of the body = Weight of displaced hquid 
VD.=:vd 

This is the first law of floatmg bodies 

Second Law : — The weight of the body and upthiust should act \ 
along the same line Weight of the body acts vertically through a , 
point IcQown as centre of gra'vity, upthrust acts vertically through a 
point which IS the centre of gravity of the displaced liquid This point 
IS known as centre of buoyancy According to this law the centre of^ 
buoyancy and centre of gra'vity should be along, the same verticar 
line This is knowm as centric line 

Third Law '. — For stable equilibrium . — When a floating body is < 
slightly disturbed, its new buoyancy centre shifts towards the lean- 
ing side The new centre line cuts the old one at a point known as ' 
meta centre If the meta centre lies above the centre of gravity, the 
body will come back to its original position whilc^ of the meta centre > 
lies below centi e of gi avity the body will topple down i e the equilibi lum' 
will be unstable < 


Numerical Problems: — 1 The specific gravity of a< body is 114 
Its weight in air is 57 2 Find its weight in water. What will be its , 
weight in alcohol if sp gr =0 8) 

Suppose its weight m water is gram 


W 

Specific gravily=-^r-A_ . 

Substituting the values of the various quantities we get. 


114 = 


572 


67 2- W. 
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or ("i7 2 
,17 2 114- 


»r,) II 4 =^,17 2 
ll‘4=ri7*2 

11-4 rra='i7 2xU 4-172 
=572X(114-1) 
=.17 2X10 4 

“7 ^=12 IS 

1 I 


Calculations. — 

|ou of iiunur.ittr 
I 7174 

1 0170 

2 7744 
2 7744 

— 1 OlfiO 
1 7171 


XI 


Ion of (leiiumin.itor 
1 0,1(5‘) 


Ant 

Lo‘«s in M eight in water 


log 1 7I7.1=C)2 IS 

= 17 2-12 IvS 


Weight of displaced watei 
^'olume of displaced watci 
^’oluIne of dijjplaccd alcohol 
W'eighf of displaced alcohol 

Loss in w eight in alcohol 

Weight in alcohol 


=.l 02 grams 
=,1 02 gi.uns 
=.l 02 c c 
= 1 02 c c 
=,102XS giains 
=4 016 grams 
=4 016 grains 
=4 02 grams 
=57 2-402 
=.13 18 grams 


2. A piece of a cork tied to a piece of metal just floats in alcohol 
Find the ratio of their masses {Given sp. gravity of alcohol= 8, cork 
='25 and metal=8). 


Suppose the weight of cork 
and the weight of metal 

Volume of cork (Fj) 

' Volume of metal Fg 

Total weight of combination 
^ and total volume 

^’olume of alcohol displaced 


=Mi gram 
=A /2 gram 




34 


PRE-UNIVERSITV PHYSICS 


Weight of alcohol displaced 
This mu^fc he equal to total u right 


[chap V 

f 




8 

SOMj . 8 A'h 


oi 

01 


22 
' 0 


^-ir+ s 

=32 ^Ij+'l 3/., 

^'2 Mi 

2ZMi-=2Mi 

Ml" 0’ 

3 The specific giavtty of ice /v 918 and that of sea water is 
103 An ice berg floats on water with 224 c c. outside waiei Find 
the total volume of ice heig 

We know that loi a floating bodv, 

V D=^v il 

Hcto F= Volume ot whole body 

D = Density of ico 
v=Volume of water displaced 
rf=Density of water 

Hubstituting tliese % allies in above relation, 

We get, 

Vx 01S=(K-224) I 03 
VX 018=103 ^*-224X1*03 
01 1 03 V- 018 F=224X1 03 
V (103-918)=224x103 


-Fee 
= 918 
=F--224 
=103 


Calculations — 


Log Nr 
2 3502 
0^8 
2 3630 


Ant log. 


Log Di 
i 0492 

2 3630 
-1 0492 
' 3 3138 
3 3138=2060 


or F==2000 c c 


F= 


224X103, 
112 
=2060 e c 


§10. Nicholson^s Hydrometer : — Tins principle of floating bodies' 
has been unibsed for measuring the specific gravity of a sohd orhqpid 
by means of Nicholson's Hydiometer 

It consists of a hollow cyhndiical bairel (A) of biass canymg 
a narrow^ stem at one end and a conical bucket (B) at the Other 
The bottom of the bucket is heavily loaded wuth lead shots or 
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meicurj^ The upper end of the stem caixies a cucular jian D When 
placed in a jar contaming watex ox liquid the hydrometex will float 
vex*tically A fixed maxk M is put on the stem (Fig 27) 

§11. To find the sp. gravity of a solid : — Pi maple and 
WO} king (Fig 28) — 1 Float the hydrometex m watcx and 
place some weights on the uppex pan till thehydxometex smks 
up to M Let these weights he Wi In this iiosition the 
weight of the displaced watex (v d) is equal to weight of hy- 
dromctei Wli-^Wj, where v is the volume of hydrometex 
inside water 

2 Xow remove the weights Wi and jilace the body on 
the uppex jiaix and again place weights W 2 on the pan to sink 
it up to the same maxk M In this case the weight of the 
hydrometex + 11 ^ 2 + weight of the body=v d 

Wn+W 2 +B=v d = Wn+ 

b=w^-W2 

This gives the weight of the body in an {B) 

3 Place the bod}' m lowex pan and again place u eights JV^on 
the upper pan to sink it up to M 




Fjg 28 

This time TF 3 +W eight of body in vatei = Wh+ JVj 
Weight of body 111 v atex = W'l — 

Loss in TV eight in wafei = (lli— 11'^) — (IPi — IV^) 

= R/-ira‘ 

• S« -t avii of g 

*' 1 •= ‘ y Loss m weight in w ater IV^—lVs 

Having knovn IP], IP- “"d W 3 sp giaMU can be calculated 

Numerical problem : — In an e\penment, 11 e have the following 
observations, Wt required to sink the hydrometer up to the fixed 

mark (JJ\)=16 S4 grams 

IVt teqmrcd to sink when a piece of glass if placed on the upper 

pan (n'«)=^ 96 grams 
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IVf teqmred to sink when the glass piece is placed in the lower 

pan —9'71 grams - 
Find out the sp gicivtty of glass 


Weight of glass piece man 
Weight of glass piece in ^^atel 
Loss in Mei|rht 

Sp gravity 
Calculations : — 

I 0748 
0767 
J1081 


= 16 84-4 06 
= J 1 SS grams 
=16 84-0 71 
=7 13 

= 1188-713 
=4 75 
1 188 
4 75' 




Anti log=2'')0I 


§12. Specific gra^it} of a liquid: — 


Sp gi of liquid 


^ Weigl^of liquid 

M eight of equal vol of u atci 
^ Weight of eqiuil vol of liquid 
Weight of equal vol of u ntex 
^ Lo ss in M eight of a bod\' m liquid 
Loss in ureight of the same body m uater* 


Piiid out this loss 111 M eight in watci (W^—Wf,) ofabody as 
explamed above Siimlfuly find out the loss ni Aveight of the same 
bod V in liquid Let tins be ‘ 

H/-' I?/' 

Specific giavitv of hqaid== 

rr g 

Numerical problem : — A Nicholson’s hydrometer is floated hi a liquid 
and a piece of solid is placed on its upper pan It requires 6 5 grams 
to sink It up to the fixed mark. When the piece of metal is placed in 
the lowei pan it requires 10 7 giams uheii the experiment is lepeated^ 
with watei the cortespondmg wis me 8 5 and 14 8 grams. JFind the sp.. 
gravity of liquid. 


Sp gravity of liquid 


Wt of hquid displaced 
Wt of vratei displaced 
Los s in wt in liqiud 
Loss in irt walei 


10 7—6 5 
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iil3. To lind the sp. gra^it} of a liquid by ^\cighing the 
Hjdromcter: — ^Fust. liiul out the weight of the hydrometei -with the 
help of a iiln^sicnl bain nee thin be IK/, Float the hydioinetei 
in a jai containing watei and place weight*? (IKj) on it till it sinks up 
to the mark Xow float the hvdiomctci in liquid and find weight 
(IKj) icquircd to sink it up to the came muk 'fhen according to 
Aiclnmcdcs' piinciplc, 

11'/, 4* Weight of displaced watei 


and I1'7,+ 1 K 2 =^^ eight of displaced lupiid since the same volume of 
hvdvometer IS inside in botli the cases, tlic \nlumc of watei displaced 
IS equal to volume of liquid displaceil 


Sp graMt\ of liquid = 


Weight of liqu^ 

W eight of equal v^ol of watei 


IK/, + 11'. 

lK,+ lKi 


Numerical problem — The weight lequved to sink a Nicholson’s 
hydrometer up to fixed mark in watei is 3 32 giams and in liquid is 
9 41 grams. If the sp gi avity of liquid is 1 02 Find the weight of 
hydrometer. 


Sp giavit}* of liquid 


_lK+IKi 
“ IK+ W. 


Substituting the value we get 


102 : 


IK+q 41 


oi 


oi 


11^+3 32 
102 (I1'+3 32)=(1K+9 41) 

rK(l 02— 1)=0 41 -3 32 x I 02 
02 1K=9 41-3 30 


=6 02 

IK=^^=301 giams 

yjjii 


Note . — ^If the body is lighter than water, then also perform the experiment 
in the same manner But w>hcn the cork is placed m the lower pan it has to be 
lied to the bucket 

Numerical problem: — The sp, gi avity of gold is 19 3 and that of 
silver IS 10 4. What is the propoition of gold and silver in an alloy 
of sp gi avity 17 6^ ^ 

Suppose the volume of gold is Kj c c 
and the volume of silver is Ko c c 
Mass of gold = Ki X 1 0 3 

j\[ass of silvei = Ka X 10 4 

_Ml+^fa 
Ki+K„ 

. ,^«_19 3 K,+10 4 Fa 


Sp gravitj:^ of allox' 
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or n h r, + 17-« F, J K 

or {M:}-17*{}) K,-- (iT'O- 1/) 4; K. 

§14, A Fc»v Applicfitlons of Archimctk^* Prinftiplc : — 

(a) To find out (he radius of a wire.—TnKo n long wire und 
find out il'i weight in nn (IPi) .tmi hi \vnt<M (ir»). Tlierefore Joss of 
weight in waici =(Jri — IPji) grain Volume of water diaphiccd w 
equal to (iri— IPo) e e 'riu'ieloie \oimne of witopssiJPi-i-lK) o.c 
811100 the wire is in eihntlrK.il tom ita \oluim t: r® / < f 


or 


. IV, - n'„ 


fjj) 


or /•== v'Jn-HV/f‘0 

In till*' wai i\e can hiul its ratlin-# 

{b) To find out the duitnctcr of a capillar} tuho: — Find out the 
weight oftheenpillaiy tube (IF,). Fill it with n column ofmcrcun'und 

* If 







ng 29 


.ignm hud out its weight The weight oj meuni'v is equal fo 
(JF«— H'l) gi«im IMeasuie the length ol moiciir.i coluimi (/) cm. 
Tlie ladius of inercmv column is r whcie r is the ladius of the tube. 


Again volume of incioni} is also etjtial to 


cc IS the deiisit ' ofinouuiv 

ttH. /- 


jn-w, 

JUG 


IK- IF, 


wheic JSGgms. 


01 



cm 

i;ihx/ 


) 


Numerical problem : — The weight of a capillary tube is 15 05 
grams when it is filled with met cunt tohtnm of length JO 6 cm 
Its weight IS 19 13 giams If the density of met cm y v 13^6, find the 
radius of the tube. 


Mass of moicuiv lontauied in the tube 

= 1 «) J3-ir,fr, 

—4 OS gianis 

Volume of meuuiy = 

— 3 c c" •> - 

» ^ 

If the radius of the tube is i , the internal volume of 10 6 cm., of the 
tube= volume of mei cury contained in it 
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Wegei, -/“/= 3 


or 




3 


-/ 3 14X10 6 


Calculations : — 

Log of numeiaU)! 
r477l 
1 3^22 


'V 3 14X10 6 


cm 


Log of Denominatoi 
4969 
1 0273 
I 5222 

\ (3 9249)=J.{— 4+1 9240) 

=— 2 + -9624 
=2 9624 

Anti log 2 9624 -=09168 

i ~ 092 cm 

(c) Variable immersion t} pc hjdromctcr (Lactometer) . — H^clro- 
mcter‘« aie of two Upcs (i) constant nnmeision t\pe like Xichol‘'on'«^ 


3 2249 


hjclromctci In tins case the Inch omctci alwajs sinks up to 
the same maik and we \arv the weights placed on it (i/) 
Variable immcision tiiie In this case the weight of the 
hvdioiuetci is constant but it dip^ to difTctent hcmhtN in 
diffeicnt IujukIs It will dip moic in hghtci Injuid Ih.in in 
heavici one 'I'he stem (5) of the Indioinctci i'- giadnatcd 
directU in dons^t^ It is shown in hg }0 Ale i ears is hllcd 
mlowci bulb (B) to make It float \cituall\ latlomefei is abo 
of tins t\ pe 

(t/) Ice berg. — See hg 10(flj 'IIus is known as kc 
berg It floats on w itci in oceans trcnciulh wc find the 'C 
IOC bcigs in cold ennents tonnna from Aoith and South 
reguuis We know lli .t <lcnsn\ of ut !•> 907 gni 'i c whih 
that of MM wntcM is I n_Mi »jn c t thcieiorc, appio\nmtc!\ 
1/9 part of the ue birg tem.nns tmiside ifcr aiicl S 9 part 
ni«idcwalci. Snu e oiih i small ]iul ii \i'»i!»k outMdi* lluie- 
iore in bail weitlui synKtuncs a ship j- nn iblc to sd n aed 
erishe- igam-t it le-ultiiig into ..m aUnt 




y. 
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(e) Floating of a ship : — You already that the sp gravlfy 

of iron IS 7 8 Hoi'i it is possible that a ship made of such a hea%y, 

© metal floats on water? You must haw 

seen a vessel floating on water. Tins iV' 

^ lios&ihle because tlie ship oi the vc-ssel )«“ 

hollow from inside The extent of their 
MU face IS large, wlicn a small height of 
it goes uiskIc water the .imouiit of "water 
Fig 31 displaced ib so large that the weight of 

di&placcd water is erjual to the weight of 
whole ship Tf wo stall flllmg the vesbcl with watei it will sink down. 


As shown in ficr 31 a encle is ilrawn on the verncal >ide 
of the itsscl and a line is diawn acioss thi"* eirile. This line Is 
known ns plimsoll line after p. , 
the soitntisl Plimsoll Theshiij 
is loatled to sucli an extent 
timt it does not sink in below 
this line L and /? i^ written 
on fhib line The meaning ol 
this lb that ateoiding to the 
shaiic and su'c of the ship, this 
line limit has hceii decided h^ Fig 31(fl)* 

Llojdb Itegistrar ol shipping 

The ship has to bail in iivcr watci ui cold 'watei in iioithun voap 
whole ileiibit}, ot watei ts iliflcxent and aceordmgh diflorent lines 
aic diawn keeping in view all these laitoi*! fig 31fo) 

if) Balloon: — 32). Just as hchter bodiob float in water ui 
file same way if bodies arc lighfci than .ah, thej will .float in air Thp ' 
laws of floating bodies will al^o .nppK to then* iiise?, 
Imhogcn and helium nie lighter than air If 
balloons aie fillwl with hvdrogen or helium, thct' 
will float in air The deiHilv of ah is not uniform 
tliioughout As we go higher and higliei it goes on 
docieasing The balloon being lighter will ri'^e up 
and will go on ascending till the weight of 'whole 
balloon is et|ual to ilie weight bf ,nr di'<]flueeiL Pndei 
this I’onrlition it will float et that height 

Jf on re‘« lung this heiglit sjmd Kigs stond m 
it are thrown out it will buomr hghlei «ind vifl 
asir-inl fnrihyr. Jt on the other hami Monte of the 
T'Tjf 32 h\diMg<n oc utthmn foiotsl out ifs voUnm w'HJ 
di’b M'Rbe and so it r ill become hen\ ki ai d idid down 




n.dlrton^. aiT hlh*^i with diflerent ’Mientdjc ’in-tiiiiuent*? f''*r 
automaiu fi omdinj* of teio];H.irtture, jneb^urf, or prr -.etb'e of cTiSirg<'d 
pirl?»Jcs. They aUn carry films for photo^rraphmg Miriou*- phtmi- 
mcim \ficr Msme ilme by automiitle diwe itu* i? dloiin bnpf^; and 
the « dwti all tl e»* instruments ix.mes' dow i» on earth whh 

the blip of a pira* butt MiO ^hnt ^rfr maij pimpbig fr\,m aeropJauCv 
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(f;) SMbtnarine* — Thi- is a HjHTinl Kni»l of shiji wJm ii mn floif. 
on (lir sinfaro of \\ ator a^ \u II ««t nl an\ df*'’irt*fl th ptli u.i(<‘i 


U. 


rusKTOfr 


Jr 


,rn»pri* «'f>sMs«rr*^^io»iT 

^ ***>1' tg ; > /.■■.■ ■ — '•-■■■ '■■■ — )-■— 

i> } 

? » * . 


— 


60 in 


I O L4^T TAMS 


I'll- %' 


(Fij: JiS) s.init" fliflsronl stowi"i* t.iiibs n hull win n filJrd uith 
wfitor jn.ikc il luMvjci niid if will wnk slonn when if w mfs fo tome 
out wnfti will l)p forces! oiif In fins wia tl ran sunn nf anv ilcpfli 

In tinie-» of wsu if is tircsl foi trashing a ship In ptate-finie if 
ib used foi stienfifir ilisco\ciies t.nix an insfniinrnf Knouii 

as periscope with w hull a p'Tson sittinsr in if tan see am #ihjrot on 
the surf ice of wafei whtn fhc stihm.iiine is nisirle uafei 

Ifcccntlv we h<nr heen siirccssfiil in Sfiiilinjf afomu siih- 
maniics iintler fio/en «ens of noifh They ha\e iNo hern able fo 
complole the «rloli'il foiii uiulet water 

QUI^IONS 

1 State Archimctlc>* printiplc How is it Ncrificd •’ How is it used fo dclcr- 
minc R D of a substance ’ (5cc55 1. 2 and 5) 

2 State the laws of floating body How arc these laws satisfied in the 
construction and svorking of NichoIsonS h>droTic!cr (Ser ^9 and 410) 

3. How is Nicholson’s hydrometer used to determine 
(/) R D of a solid 

(//) R D of a liquid ’ ( S'er ^IJ and S|2^ 

4 How will you determine radius of a capillary tube ’ (Stv lAb) 

5 Distinguish between constant and variable immersion types of hjdrometer 
eSrr M4r) 

Vumcrical questions — 

1 A balloon has a volume of 1000 cubic metres How’ much weight it will 

lift when filled with (a) Hydrogen {b) with Helium Take density of Hydrogen 09 
gram per litre. That of Helium twice that of Hydrogen and that of air 14 time 
that of Hydrogen {Am 1170 K gm 1080 K gm i 

2 A Nicholson’s hydrometer sinks up to a fixed mark in liquid of sp gr. 0 6 

but It takes 120 grams fo sink up to the same mark in wafer What is the weight 
•of Hydrometer [Ans 180 gms] 

3 A piece of wax weighs 18 03 grams in air A piece of mefal is found to 

weigh 17 03 grams in water It is tied to wax and both together weighs 15 23 grams 
in water What is sp gr of wax ' \Ans 91] 

4 The densities of three liquids are in the ratio of 1 2 3 what will be the 
relative density of the mixture by combining {a) equal volumes {b) equal weights 
of the liquid 

J8 

{Am {a) 2sj {b) -jj-^i where Si is the sp gr of lighter liquid] 
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5. Tlic densiu oi hca water » 1 025 grams ^'cr c.c. and mc Ucmiiy of itcW 
917 gram per c t Find whal portion of icc berg is simMc abenc the ‘water surface 7 
When It IS m sea water and when It is sn ftcsli vatcr 1 M w. *i05 

6 Show tb It a iiotiov^ sphere of rasUusi/f made of rnttaj of sp. gr 5' wHi 
float on water if the ihicKncjis of its \wtil is 

7 The croton of Hero weighed 20 ll>s Archtermedsa found tiiai immersed in 
water It lost 1 25 lb 1 he crown wps mads of gold and stiver Find the weight df 
these metals (Sp gi of gold 19 3 and Sp gr of silver lO 5, 

[4ni ISO’S and 4 922 IM 

S A ship with acargo stnk^i hj 14 feet on entering a nver from sea On 
imlotidingit rises b\ 10 feet and when it goes to sea it ftirtner fives by 12 feeu Knd 
the sp gr of St. I water. Take the sides ofthe ship .is vertical. 1 25 s 

9 52 gram:, of an alloy of two metals of sp. gravity 8 and 12 resptxttvely is 
lound to weigh 46 grams in vsiter Find the mass of metal m the alloy , 

l-'lnt, 40 gms , 12 gms } 

10 A block of jcf weighing 1000 grams is throwa in the sea. Find the 
volume of icc submerged TTtc tUnsily of icc is ‘917 and of sea water is 1 03 

{.4ns 970S73 79c,cl 

11 A pittc of lc.td weighing 17 'grams and .i piece of sulphur have cqtutl 
apparent wcight:> when su<>ptndcd from the arms of n balance and immersed m 
vvafer WTicn water is replaced bv alcohol sp. gr 9, 1 4 gram must be added to 
the pan trom which the lead is suspended to restore cquihbnuin Dctennino the 
weight of sulphur Density of lead is 1 1*333 grams per c c 

[Alls 31 gms I 

12 A bent tube contains parafl'm oil on one side and water on other sitlft. 
the water rising^ a lutle way up m the other tube If the reading of the top of 
paraflin column is I74cms and the bottom of ptraffm is 54 cms. Top of watca: 
column 1 5 6 cms. Find the sp gr of paraffin 



(’HAlTKi; VII 

COMPOSniON AND RESOLUTION OF l ORCES 

^1. Scninr And Vector: — (^tuiniitic's which we tonic ncioss are 
in iiencial ol two kind« — iSealar^ and Vcefois 

ThoM* tjuantities whjih hiue tnih inagniinde and no diiection 
are Known a** scahir^ Li ke inn«. «. \o hiine aie.i time etc* 'J’licn 
inc'innifr i'' eoniplcte a** '•non asiheii nia/'nilmlei-' staled 3*'orc\nnipIc 
wrlien we snv ma'-s of a honk is IhOtt «rnn)s, \o!unie of a hodv is lOOO 
ce tlie ineanniL' i»< eleai 

Those ()uant!tiC'> whieli ha\e mafrnitude as well as diicction aic 
known as \cclois like velotd 3 , foitt, actcloiatioii, clt When 
wo s,n the \eUKit\ of a hod\ is la cnis pci see, it lias no 
meanni" unless we slate the direction in which the \eIotlt^ is acting 
sd\ in eist or west iSjiiiiJarl\ we hn\t to slafelhal a foicc of o lbs 
nets on a liod\ towaids noith \ettoi can. he lepicscnted h.v a 
straight hilt The length of the line is piopoitional to Ihemngnittulo 
ofTlie tcctor and the line is dinwn in the dncction of \ccfoi .ind the 
s sen'sc IS shown h\ in .mow 

52 rorcc.—Jt is that .igcnl which jnodnics actclciation in 
an\ ma^s This ascclciation is pindnccd in the iliicction of the 
force 

Foico is a vcftoi (jiiantitt and thcicfoie tan he icpio^cnlcd b\ 
a straight line passing tluough the point at wliitli tJic foicc acts 
The length of the line is taken to he piopoitional to the foicc 

§3 Resultant of two or niorclhaii twoforccs: — W hen 1 wo Fuiccb 
act on a iioint in the same dncction the icsultaiil foicc will ho ecpial 

5 C 



to the sum of the two foices and w'dl actni tJie same dnectioii while 
if they act ni oiiposite direction the resultant force will be equal to the 
difference of the two foiccs and will act in the direction of gieatei 
force If the two forces aic equal the lesultant will be zeio and the 
point will be at lest When the two forces are inclined at a certain 
angle the lesnltant can he found by applying the law of jiaiallelo- 
gram of forces 
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Law of parallelogram of forces:—//* twt forctKuctmg at a point 
be represented m magnUude and direction by the adjacent sides of a 
parallelogram, the lesidtant mil be represented in magnitude and direetton 
'by the diagonal of the parallelogram passing through that point. 

If t.\\o force? Jictinp nt the point 0 arcicprc'-eiitet] mniujimtiHl© 
oml diiection l\v O^laml OB tlieir icsnlionl will Ih* roprosented hy ^ 
OC t'ho (liagonai in m.ignitiule and dircelion {lig *141 

Proof of (lie law In ordoi to |hovo ihisi law we Uike ou appa- 
.taluh as shown in the fipino.n(j41, A wooden board is iiYcd vcrfKally 



Fig 35 (B). * 
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on two stands Theic aic tvo fuctionlcss puUoj'S at the top of the 
board Fix <i \\hite sheet of iiapei on the boaid Suspend two 
weights P and Q bv means of a long thread and place the thiead on 
the pulleys Susjjend anothei weight R fioina second thread and tie 
it to the pievious one at anv point betw een the pulleA’s See that the 
point O where all the tlueads meet lemains in the middle of the 
board and none of the weights touches the board The values of 
P, Q and P aie so adjusted that d? temains in equihbiium i e , at 
rest Obseive the shadow s oi the tin cads on the paper and put pencil 
dots on each of the shadows I’emovo the papei and diaw' lines 
joining these points All these lines mil meet at O Cut off OA and 
OB pioportional to P and Q Complete the parallelogiam OADB 
Join OD Xow the length of OD will come out to bo proportional to 
R and OD will be in tlie same stiaiglit lino as R That is R is equal 
and opposite to OD Since point O is in oqnihbiium theiefoie the 
resultant of P and Q must be equal and opposite to R That is the 
lesultant is lepiesentcfl In the diagonal 


^(4. Geometrical calculation of the diagonal : — Let P and O be 
the two foi CCS acting at O inclined at an angle y Let them be le- 
jnesented bv OA & OB Complete the 
jiai aIlelogi.ini OADB Then OX) will 
lepreseiit R 

To calculate R in teims of F O ^ 
and y ” 

Hi aw DE \to OA 
Tn the tiiangle ODE 
OD-=OE--\-DL^ O 

^{OA-hAEj^+DE^ 

= 0A-+AE^-t-20A AE+DE- 
==0A-+(AE=-i-DE‘)+2OA AE 
In A ADE AD^^AE^+DE^ 

Substituting this value of AE^-i-DE^ in (i) w'e get, 
0D^=0A^-\-AD”-+20A AE 



Angle BOA— a 
DAE—y 


Now 


AE , DE 

^ =cos a and « 


AE=AD cos a and DE=AD sin a 
Od'^OA^-\-AD'-+2 OA.AD cos a 


Substituting the values of OD, OA & AD we get 

PQ COS y 
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DE DE 

Again ‘“9=0£=0A+Ai- 

AD am « 

” ~dAA-AD cos « 
Q sm a 
~ P+Q cos a 



•equations (in) and [tv] deteimnie Oie lesullant in dncciion and 
magnitude 

§5 Triangle of forces — If three foices acting at a x>oint aie 
in equilibimm they can he itqnosenled in magnitude and diicction by ' 



c. 



the sides of a triangle taken m oidei Considei a point O w here thice 
foices P Q and R are actmg and O isatiest Diaw' a bne AB equal 
and paiallel to Q DrawPCequal and parallel to P Join AC J^ow ' 
AC -will lepiesentlP in magnitude and dnection This direotl3" follmvs 
from the law of parallelogiam of foices [See figs 37 and 38) ‘ ‘ 

§6 Moment of a force: — If a bodj' is fixed about a certam 
AXIS and a force is applied on it, it -will rotate about the axis The 

lotatmg effect of the foice upon the bodj^ 
depends upon the magnitude of the force 
as •u ell as its peipendicular distance fiom ■ 
the axis T ins is k noivn as moment of the 
force and is measured~hy ihe~pfodiicr qflTte 
force and the perpetidicular disfdnc^ofjhc" 
force froj^llfe^dxis ^ ““Goifsider a ToiceP 
actingon albddy 'fixed at O Its moment ^ 
39 ije F wheie a is the distance of F 

from O This Mill rotate the body in anti-cIockwise direction anc 
is taken os positive 

I 

Law of moments:— If any numbei ‘of forces actmg on a body 
keep it in equilibrium, the algebraic sum of the moments iszero Thai 
is the sum of moments m clockwise direction is equaLtoJtheLSpm oi 
moments m anticloclrwise'diiection " “ 
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^7 Vcrificaf ion : — (5'rr Pi'ulual PIinmcs ]»\ authoi'i) 'P.ttu »i 

im'fu* mtJo anil it li\ a liin'ul in stub a w'n llml if tcnifiin*? 



Fig 41 


distances in sucli a 'iiay that the scale is again lioij/onlal Nolo the 
weights and then distances from the point of snspensioii Multiiilj” 
the weight hy its distance This i\ill give the moments of the foices 
on left and foices on right separately Add the moments on left and 
moments on right It will be found that the two sums are ecjiial 
Thus the law is verified 

Numerical Problems : — I A meUe scale is suspended fiom a 
point at 30 cnis on one side of centre of gravity which is at 50 cnis A 
weight of 50 grams when suspended from a point at 10 ems keep the 
scale horizontal Find the*weight of scale 


P?£-X??r!VEP5iTy physics 


4.S 


‘fCF^P, ,711 


Let ir xLe iveicht of the ^tsXc. Hits -act a? .>0 cca jsotnt« 
Taking Ti^omeitts pV/ut the jKnnt of *=t?«p«'75^ion fSec fig- ^2]. 



K it " -J: ^ ^ 
r T r ^ f ^ \ 




— <1 — 


4 



w 

ng.^2. 


p-d=vr>.s 

iO;;2U=K'-''2»^ 

/. JV=^i gniTciA. 

2 A metre scale ts sitsperded from r:s certre of grcciti A piece 
"of rretG^ is susperded from one erd cmd a ^cergl’t is suspended at a 



Fig. <15. 

fence of ^ cms.from CXj. to make it in equHtbrium. Jfthe piece of metoT 
is dipped in vra:er the vreighs has to be shifted by 5 ems, to restore e^aiTf' 
brnan. Find the sp, granty of mstaL 

Taking fcoments in first case 

£m=H\.x. 



a 

in secon-l ca®e,Ier tke of body in -w^ter be S' 
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B'.a =fV(x—y) 




B'(x—y)__Wx Wy 


a 


Loss in w eight in m ateT=B—B' 

__ Wy 
a 


Ko«.sp graT.ty=-j^ 


Weight in air 


in wt in watei 


B-B' 

Wx 

_ja ^ a: 

~~Wy y 
a « 

Substituting the values, we get, 

40 

Sp gravit3’'= -^=8 
o 

3. Tile arms of a balance are equal but its pans are unequal 
The weight of a body in one pan is Wi gram and in another pan Wz 

ffr jjy 

gram Show that the difference in weights of the pan is - ^ ® gram 


'ir 

P+M 

■P+Wp 


P'+W, 

P'+W 


Fig 44 


The weight of the bodj’^ is shown m the figure in both the cases 
Taking moments in each case, we get, 

iF+M)a={P'+Wi)a . (,) 

{P+Wz)a^{P'-\-M)a ... („) 

P and P' are the weights of the pans and a is the length of the 


arm 

or 

or 

and 

or 


P+Mj=P'+n\ 
p^ Wz=P’-i-M 

M=(P’-P)+Wy fiom {III) 
M={P—P')+iK fiom (/»’) 
(P'_P)a- Wi=P-P’+ TK 

2{P’-P) = JK- 


(ill) 

(tv) 
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4 A body regimes 206 J grams to hold it in equilibrium when 
placed in one pan of a balance and 20'73 giants when placed in an- 
othei pan. Find its coirect weight. 

We knoTs that true u eight of a body is given 

jr=vW^ 

Herein this example Wf—20 61 and 1^=20 73 

<v/W6rxJ^73 

Log IT'^jCLog 20 61 n-Log 20 73) 

=^(1 3141) 

13166 

^ i(2 6307)=! 3153 
JV=AD.t log 1 3153^20 66 
A 11'^= 20 66 grams 

§8. Resolution of forces. — Just as two forces Pand Q can be 
compounded into a single force JR bj' the law of parallelogram of 

foices in tile same way 
any force R can also he 
dnuded into two forces P 
and Q in two given direc- 
tions fiom i? These forces 
aie known as components 
ofP 

Let R be the force 
acting along OC It is 
lequired to find two com- 
ponents of R along OA 
and OB inclined at an angle v and p from OC Complete the paral- 
lelogiam OACB Accoiding to law of iiaiallelogram of foices the 
lesultant of P and Q is P Theiefoie P and Q are the component 
parts of R 

To find P and Q - — 

We know that m any triangle, 

sin A _ sm B _ sin C 

' ~d'" b ~ c 
\ 

Applying this in triangle OAC 

sm a _ sm p __ sin (180 — a + 0) 

Q P R 

sm (g+^) 

' R 
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P=R 


and Q=R 


sin (a+p) ^ ■*' sin (<y+p) 

Biom these, P and Q can be calculated 
§9. Resolution in two mutually perpendicular directions When 


P and Q_arejD firnnnflinnlai .trn.ea.pJi^thei~tJicvuii^cnovMi.-.as-cnsnlrfid 

jiaiis In tins case P and Q can be calcu- 


as show n m fig 46 

From the /^OAC 


-^:=sin 6 01 Q—R sin 9 


R 


—cos 9 01 P=R cos 9 



Numerical problems. — 1 Suppose R—lOO and 9=30°, sm 30=^ 


and cos 30= 


2 


P=R cos 30=100 X 


V3 


'oO^/S units 


Q=R sm 30=100 f=o0 units 

2 Fow Jot ces are acting at a point as shown m fig 47 {a) Find 
the lesultantfoice , 




Foice POandPOaie acting 
m opposite direction, theiefoie 
then lesultantis equal to (100—50) 


3 


/oo 


dyne along BO 

Siinilaih'^the lesultaiit oi AO 
and CO is equal to (500—400) 


^500 


dyne along CO 

Now we have two forces 
as shown in Fig 47(6) They can 
also be represented as in Fig 47(c) 
complete the lectangle OC O' B', 
the resultant is given 

F2=o0-+100- 
=2500+100x100 
P2= 100(25+ 100) 


C 

Fifi 47 (a) 


R=10 ^/l25 =50'v/5 


tan 0=^=2 
oO 


tA <f V 
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Rg 47(b). 



Fig 47 (c) 




§10. Resultant of two parallel forces:— (i) When the forces are 
like. — Considei two paiallel forces P and Q acting on AB The 
resultant B will be given bi'. 

J?=P_f-/? ... . (,) 

It will act at a point C such that 

P.AC==Q.CB .. . (iY> 

It will be parallel to P and Q 

Here AB is perpendicnlai P, Q and P If it is not 
Fig 48(a) so m any case, take the perpendicular distance 

(k) When the forces are unlike: — Consider two parallel and 
unlike (acting m opposite direction) forces P and Q acting at A and 
B Their residtant R will be given by 

R^P~Q 0) 

It w'lU act at a point C such that, 

P AC=-Q CB («) 

It will be parallel to P and Q 




J" 


Pig 48(6) 


§11. Resultant of bio equal parallel and unlike forces, couple:— 
Considei two parallel and opposite forces P and P actnie on a bodr 


P 

A 


JB 


P 


Fig 48{c) 

Their resultant R will he zero In this case the body aviII not move as' 
a whole from one place to another but -will rotatp about anv point ^ 
as axis. This combination is known as a couple. The rotating 
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offcd of couple oi iiioinent of couple i«. found h}' inultjpljjng an\ of 
ihe two foioes In llio peipendiculni distnuce belucen (he t%\o forces 

Monicni of couplo~P>M5 

Jf .4B H no! perpendicular lo P, diop a perpendiculai AC 
fiom A 

3Iojucnf ofcoui>le=y^ 4C 

QUESllONS 

1 Distingush between \ectoi and scalar Gnecvamplcs (5'rt'?l) 

2 Define foac and gi\c its unit (Set 52) 

3 State and prove law of parallelogram of forces (Sec 53) 

4, Define moment and slate law of moments How will you verify it? 
(See 56 and 7) 

5 What arc resolved parts of a force ’ (Sec 59) 

Niimcncal Questions — 

1 Find the resultant of two forces equal to 15 and 10 lbs weights icspcc- 
tivclj acting at an angle of u; 60° («) 90’ and (iii) 135° 

\Am (i)5v/r9, ill) SVU, (III) 5Vl9~6V2l 

2 Find the component of a force 10 lbs wl in directions of 60° and 45° with 

the given force on opposite side [An<; 10(V3— 1), 5v'6(V3— 1)] 

3 A force equal to 10 lbs weight is inclined at an angle of 30* to horizontal 
Find the resolved parts in horizontal and vertical directions 

[Ans 5V’3 and 5 lbs wt J 

4 Find the resultant of forces P and Q acting at A and 5 in a plane where 
P—25 lbs , Q=30 lbs , AB<=1 ft and (i) P and Q arc like or («) P and Q arc unlike. 

(Ans (/)651bs wt AC=-^ ft, ft 

(h) 5 lbs wt AC== 12 ft , BC=14 ft ] 



CJIAPTER VITI 
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§1. Motion z—WJicDover the distance ol «i bodv changes 
^\lth lespect to its sunoimdings it is said to be moving Motion as 
such IS relative The lailuay tram appears to rao^e because its 
distance fiom us clianges The station buildings or Iho telegraph 
poles appeal to bo stationary because their distance with respetfc to 
earth IS cou'staiit We Icnou that the eaith is rotating as veil as 
icvolying and along uith it the station or the telegraph polo is also 
moving If wo stand on another planet vo can see the station and 
the iJolcs moving In this wa}'^ one thing raav lie stationaiy with 
respect to a certain thing but may be moving with respect to some 
other thing Genera Ih whcneier we say that a body is inoiing we 
take it w ith respect to earth 

§2. Speed.— We geneially say that a man is wallcing at the 
late of 3 miles per hour, the cycle is going at the late of 12 miles per 
hour etc These aio known as speed Jt^s thejrate of chaise of 
distance It means tlie man is eovci mg § miles in every' hour 'If 
the bodj' moves with a constant speed and describes D cm in t 
seconds Its speed is given by speed ==D// cm pci see If fho 
speed is not constant then we will get average speed by the aboi'c 
formula, aveiagc speed = jD/1 

§3. Velocitj: — ^If we know the speed of a body we can find , 
out its clistanoo from the starting point after / see But ive cannot 
locate it unless we know in w'hat tluection it is moving This speed 
with direction is known as velocity It is defined as i ate of change 
of distance in a given direction It has got magnitude ns well as 
diicction This is a vector qua utitv If a paitieular bodv moving 
with a constant velocity V dcseiibes S cm in t sec then V la givon 
bv, V=S}t cm pel sec in the given diieetion If it is not moving 
with mnfoim veIocit\ , this will give aveiage velocity 
Aveiage velocity=iS// cm per sec 

Velocity like other lectois can be represented by a straight line the 
length of the line is pioportional to the Telocit 3 ‘' and the line is diawn 
in the direction of velociti^ 


Addition of Velocities ; — If a body is moving w ith tw o velocities 
iuclniecl at ceitam angle, the resultant velocity can be found by the 

law' of parallelogram of 
vectors Suppose a bodj’' 
IS moving ivith a velocity 
1 / along AD and with a 
velocity V along AB Lot 
the angle DAB be Q com- 
plete the parallelogram 
ABCD {See fig 49)’ Then 
the resultant velocity JR is 
given by AC According to >. 
law of paiallelogram. 
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ITniU — TI h' unit ui n^fnciiy i** I,g 50 

tin. iMi ‘•f'l* ii'V fci'i fH 1 '■('< 

i 4 . Acct'lcrnlion : — If the ^ehuitx ol n hotly chanpe.s eilhci in 
maynifntle or in direttmn, ue mi\ ic i'* inoMiip unrlcr ncceleiation 
Acceleration is deftmd^a': flu rhu vf chan'jc of \elocUy Tf the 
at’Uh't<ii(TtTiM-«“nmroim it (tin he riilculnfetl hy ihofollmunp foinniln, 



. , nianjM in \tlot'it\ 

Ac.*..i..a„ ■- - 

r— « 

Ol I 

nlicrt If ih initMl \clocifi V IS (imil \cli»rifv niul t is time tnKen, 
From tins \u pet, * 

Somctmic“‘ uceoleiutiou isalsti denoted h^ f 

Unit of acceleration : — In inctrn* stem the unit of aecelein- 
tion IS cm pci sec pci sec and in British b\ stem it is feet pci see 
pel see 

5 5. Equations of Motion —Suppose .i body moving with 
„ unifoim ncceleiation a and 

— > o initial velocity u, describe 

t nr- distance iS in /sec and acquires 
velocity,!’ (Sfeefig ni) 


A 


$ 

Fjg 5l 


As shoivn above u e ha\ c. 


a— 


or 


V — It 
/ ' 

Let V be the aiciagc velocitv then. 
The ai 01 ape ^ elocity V^Slt 
5=r / 


M + V 


The ai ciage i elocity V is also equal to g / 



/ 
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Substituting for F fiom (/) we get, 

c_ " , . (H+fl/)/ 

T 9 — 

_ Ut ^ lit 

J =ti t+^at^ -..(») ' 

j 

Again squaring (i) We get 

p2 — a-i^-{-2aut 

=«2+2o at-) 

SVj =ifi-^2as 

* X - 4^ A. waaC « 

witb the help of these thiee iclations any problem on motion ^ 
can be solved 

Numerical problems : — 1 . A body stai tmg fi om t est desci ibes 96 
feet in 4 sec. Find its acceleiation. 

Heie, 5=96 , «=0 , r=4 sec 

fiom relation («) we get, 

5=«l4-i at^ 

06=0-fi" a 16 
9x96 

or a=-£-^=12 feci per sec pei Scv 

2 A body moving with an acceleration of 4 feet pei sec. pei sec. 
acquit es a velocity of 64 feet per sec. aftei tiavelling a distance of 224 
feet. Find its initial velocity. 

Prom the relation (iii) wg get 

v-=m®4-2<w 

64X64=112 4-2X4X224 

X 64— 2 X 4 X 224 
=64 (64-28) 

=64x36 
«=SX6=48 
=48 feet per sec. 

§6. Distance described in t** second; — Let 5^ be the distance 
described in t sec and be the distance described in (/—I) sec 
from 1 elation (u) we have, 

5'i=mI4-4 at- 

(I Jli)4-ia(r_i)* 

=ift—u+laF—at 4-|n 
5i— 5a=w4-n'?— 

=tt'4-?^^xa 


Therefoie 
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QUESTIONS 

1 Define velocity and acceleration. {See §3 and §4} 

2 Pro\c S'— (5ee§5) 

3 Find out distance travelled in t'* second. {See §6) 

Numerical Questions — 

■t— A body starting with initial velocity of 12 feet per sec moves with a 
•uniform acceleration of 4 ft /sec ^ 

{a) What IS the velocity after 10 secs. 

{b) How fai will It go in 10 secs ? [Ans 52 feet/scc 320 ft ] 

» A point, moving with uniform acceleration describes ts m the last second 
of its motion 'sV th of the whole distance If it started from rest, how long was it 
an motion and through what distance did it move if it described 6 inches in the 
first second [A/;s /=5 secs , 5"= 123 feet] 



CHAPTER rX 

NEWTON’S LAWS OF MOTION 


?}1 NeT^ton’s Laws of Motion: — ^In 16S6 Xewlon formulated 
tlirec foundamental laws of motion — 

First Law or Law of Inertia: — E^rybody^^ititjms to b e mjc r 
state of rest or of uniform motion in a stTcnglitline unless tfisconipeUed 
by Iniy^e'Xte} nal agent lo change that state 

Second Law : — The. cljgiige_p f mot ion i e rate of change of 
momentum is proportional to the impressed force and takes place in the 
direction of the force 

Third Law — To every action _there_ is an equal and opposite 
reaction 

§2. First Lan : — We know that a stone -nhich is at rest wjll 
not move automatically unless we foiceit to move It will remain 
at rest Similarly if a body is moving it will continue to move unless 
it IS stopped bv a force That means bodies at lest oi m motion 
show inertia i e thej* oppose any change m their <5tate of rest or 
motion This law is, theiefore known as law of inertia 

So far as bodies at lest are concerned this part of the law 
requires no formal proof We know from our daily experience that 
unless some Icind of foice is applied a body will not move You 
must haveobson*ed that when a car takes a sudden start we lean 
backward That part of the body which is m contact with the 
seat moves along with the car but the upper part remains at rest due 
to mertia unless it is pulled m the forward direction. Theiefore we 
experience a lerk m the backward direction So fdi as the second 
part of the law is concerned it is not self-evident nor we can 
experience it diiectly in oiu everj’day observations We can prove 
this part only mdirectlv. According to this Jaw any body set ni 
motion should contmue to move for an mfinitely long time If we 
roll a mud ball on a rough floor it comes to lest after some time. If 
we take a smooth floor it will move for longei time Agaui if w e 
take a glass ball and ice or glass surhice, the hall will move for a con- 
siderable long time. It show s that some forces known as forces of 
friction act between the ball and surface which reduces the velocity 
of the ball As w e take more and moie smooth surface these forces' 
go on reducing and therefore the hall moves for longer period If 
we can produce a perfectly smooth surface and loU a body m 
vacuum it will continue to move foi ever But it is impossible to 
realise such a condition in piactice This part can also he pioved 
indirectly by the follow ing examples 
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no* 

(/) Wiun a t\ii Mtcldcnh stops mo lean m foiwuid diicctioii 
'Ujv' Om lowiM p'lH ol the lior],\ cornos to icst with the car but 
(lie upp<r*pnrt eoiitinuc'? to mo\o witli (he same speed allies'^ it is 
pulled b.icK 

(h) If jou pet down fmm a raoMiip (laiii ;\oii may fall down 
in the forward dii'cetion when vou jump from the liain 3-011 arc also 
TuoMup with the \clocit3 of (lain .Suppose the ti.iin is moving w'lth 
a velocit} of j miles pci Jiour When 3011 touch the giound voiu 
feet will come to lost hut ^onl head will continue to move with 4 
miles pci lioui and (hercfoic vou will fall down m the foiwaid diicc- 
tion 

{in) You mu'*! ha\c seen in an\ ciicus show that a man iidmg 
on a hoi =50 with gieat speed takes a jump and falls hack again on the 
same hoi. so Tin*, is possible because lie continues to move along 
With the Jiorso with the same veloeitv 

(/!') As 3 oil all know eailh rotates about its axis in 24 liouis 
Jn 12 lioui s Amcnca will take the place of India If a pezsoii in 
India takes up a planehighupmilieskvandcontmuestoholdontheie 
for twehe houis he will find himself o\ er Ameiica and can land tlicie 
Blit this IS not pos<sible Whv ? Tlie reason is tliat when the plane 
IS on the giound it is not at icst but it is moving along w'lth the 
eaitii W'lth the same velocit3' Therefore when it goes up m the sky 
it w ill continue to move along w itli the eai th inth same velocity find 
will lemnm over India alw’a3'S unless its engine woiks in opposite 
direction and dcstio3's its veloeitv 

Force; — Tins law also defines foico That external agent w'hicli 
causes an3'' change m the state of a motion of a body is know'll as 
force That is it changes or tends to change the position of rest 01 of 
umfoim motion in straight line Foice is a i-ectoi quantiti' 

§ 3 . Second Law : — Second law is also related w ith first law' 
Fust Law states that unless force is applied no change in motion is 
produced a qualitative statement Second law gives the relation 
between foice and motion produced tea quantitative relation 

Momentum.— It is defined as the product o f mass and \eIocitv 
Considei a body of mass m moi'ing Avith a velocity ii cm j 5 Br"sec A" 
force F acts on it for t seconds so that its velocit3' changes to v cm 
per sec Then, w e have 

Momentum in the beginning =m u 

Momentum aftei t sec ~ni v 

Change in momentum ~mv—mn 

- , niv—nni 

Bate of change of momentum = ^ 

Accoidmg to this law' the impiessed foice F is proportional to tlic 
rate of change of momentum i e 

_ mv—mu 

Fa — \ 
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—K, m f. 

wJiexe K IS const^xiit and / is acceleiation / e late of clmuge of ^'clo- 
city The unit of force is selected m such a u ny that K becomes 
unity That is ^nhen m=l, F=\.f—\, 

Therefoie, K—\ 

F==m f ...(1) 


This unit foice is Inioirn as dvnc oi poundal 

Dyne: — That fpice__,vilnch pioduces an accelei.ition of A, cm 
pel sec pel sec m a mass of 1 giam*''is called 1 Oviie 

PonnOal: — That force uhichpioduces an acceloialion of 1 foot 
pel sec pel sec in a mass of 1 pound is 1 poundaF 

Relation betueeu poundal and dvne — 

1 Poundal=l pound Xl foot pei second pei ■^ec 

=453 6 gms 12x2 >4 cm. pei sec pei see 
.Y= I3S34 8 dvnes 

*< 1 

Third Law • — 'Whenevei a loiee acts lu a particulai duco^ion 
'T\e call it an action A foice ■nhich is pioduced as a result of action 



Fig 52 


and winch acts in opposite direction is called a leactiou According 
'to this law action and reaction aie equal and opposite 

2f T\ 0 press anything with our hand, that thing will also press 
our hand in op}>osite direction with the same force If a "book is 
placed on the table it presses the table in the dow nw atd direction 
and the table will press it in upward directiou ‘ If. we suspend a 
weight from a thread the weight will pull the thiead in downward 
direction and due to this a ten«iiou w ill be produced in the tbiead " 
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(il 


whicit ^^jtl pull tlir' «.{oni* in upu,«ril tlu(’(lit»u \Alieiic\or we w’nllc 
I'll nuieh wc pii'li tiu {.'roiiiul ih ImiKw.inl (Iiroohon There- 
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fore frround applies a force on oiu foot in forward direction wiiiclu 
enables our xno\cnienf in forw.mi direction, if the ground is smooth 
the reaction dec eloped is \er\ small and therefore it becomes cliffi- 
cnlt to wallv 

Law of ionsoi vation of momentum is also bn«cdon this law when 
we hre a gun, fig r>;{, the momentum of the shot is equal and opiiositc 
to momentum of recoil of gnu Similarly, when wo 
jump from a boat, fig r>2, on the shore, (ho boat wi/1 
he pushed back in the water Tiie working of rocket 
fig .‘54 is also based on this A gas is dischaiged 
from the tad of the rocket with gieat velocity and 
due to the icaction the rocket moves in foiward 
direction The working of steam turbines in the 
powei house is also based on this Steam is discharged 
with a gieat cclocitj' from the nozzles fitted along 
the circumference of a wheel and due to reaction the 
w heel rotates in the opposite direction 

Numerical problems. — 1 A force of 100 dynes 
acts on a body of mass 10 grams at test foi 5 sec Find 
the velocity produced and distance tiavelled by the body. 

Fiom the i elation F—m / , we get, 

100=10 X/ 

acceleration /= 100/10 =10 cm per sec pei sec 

Fiom relation (/), v^ti+ft, we get, 

v=04- 10x5='i0 cm pci sec Fig 54 

From P, elation (ii) S=ut->r^ft^, we get 

iS'=0+^ 10xf)Xo=12o ems 
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2 A force of 5 giant weight acts on a body of 98 grams for S 

seconds. Find the distance tiavelled 

* 

Here the force is given m gram wfc It should he coinei’ted into 
d^mes befoi'e it is substituted in the i elation F^inf 

F—o giam u t =5 X OSO dynes, 

^nd 7W==‘)8 giams 

Therefoi c 5 v gso = 98 /. 

/— oO cm pel sec pei sec , 

From the lelation S—nt-j-i ft- 

5=0+1 50X5X5 

— 625 cms 

3 A bullet moving at the tale of 200 ft per second, is fired into 
the trunk of a tree into which it penetiates 9 inches If the bullet mov- 
ing with the same velocity, weie fired into a simdai piece of wood 3 
inches thick, with what velocity would it emerge supposing the lesisfance 
to be uniform. 

From the fiist case find out the value of/ 


•or 


Usmg lelation (m ) m e get, 

v"~tF-\-2fs 


Therefoi e 
In second case 


To find V 
According to 


0= (200)2+2 /9/12 

0=200x200+-}/ 

. 200x200x2 » , , 

feet sec- 

^ 200 x 200 ^2 » ^ „ 

/= ^ - feet sec- 

5= '5/12 feet 
h=200 


y2_jj2^2 fs 

1 - 2=200 x 200 -2 -,/i 2 

=200x200(1-5/9) 

=200 x 200 X 4/9 

„ 200X2_400 - 

v= — g — =-g-=133 ft per sec. 


4 The dnxer of a motor car, travelling at 30 wiles per hour oi 
a level giound, applies the brakes and comes to rest in a distance <j 
44-feet, If the weight of the car and load is 2,000 lbs and the accelera 
iion is constant, calculate the letardmg force 
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Imtial velocity of car =30 miles pei houi 

30x1760 x 3. ^ 

“ ' 00x67)' ■ 

=44 feet per see 
From relation v®-=«*-{-2 fs, we get 

0=44 x 444-2 f4A 
44x44 

Therefoie acceleration f —— = —22 feet pei sec ® 


Therefore force applied acting on the cai is given by 

F=;m / 

F=2000 X22 poundals 
=44000 poundals 
2000x22 , , 

= 32 " 

=1 375 pound wt 

5. >4 o / 10 gram wt is filed fiom a gun of 5 K giam wt 
with velocity 400 meties per sec Find the lecoil of the gun 

In such problems 

Momentum of the gun =Momentum of the bullet 
or M F=/«y 


Here /«=10 grams v=400xl00 cms pei sec 
M=5x 1000 gram^, K=? 

Substituting the values we get, 

> X 1000 X F= 10 X 400 X 100 

V- 

^ " 7X1000 


==80 cms per sec 

6 A locket of mass 1 K gm. tlvows out thioiigh Us jet gases 
■with a velocity of 10 Km fsec. If the mass of the ga^ ejected pei second 
IS 100 gms find out the velocity with nhich the locket nould move 

Hcie, momentum of the rocliet=momentum of the gas 
01 MV—mv 

F=’ v=10/ir metres/sec 


Substituting the values. 


Jl/=1000gms m==l00 giams 



J00xj,0 

Too'o 


— ] K mctre/^ec 


7 A 200 lb man Uands on a lift ]^hat force does the floor 
•exert on hint when the lift is (o' stationary, (b) accelerating, upwards 
at 20 ft lsec~, (c) moung upward with a constant ^peed, (d) moung 
downwards with an acceleration of 20 ft I sec ~ 
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(a) When a body is At rest on a plank, its fealion i? ifc equal tn 
Mg the weight of the body (necordnig to JJul law) See %. 5i> 

/?=Jlfg=200x32 poumlalj> 

'=200 lb at 


K 

A 


m 


0) When the body is moving up- 
a’Aids aith a constant velocity, net 
force acting on the body is 7ero and- 
therefore, ns above. R~Mg 

i?=200lb at 


Me 

Fig 55 


(c) “When the body is moving up- 
wards with an aoceleration / net forco 
actmg on the bod}' is equal to R-^Mg 
This must be equal to Mf according to second law 

R~Mg^Mf 

R~Mg^Mf 

=200(32+20) =2 00 X 52 poundals, 
200X52 


32 

=325 lb wt 

id) When it is moving downwards, net foice is equal to Mg—R 
Mg—R—Mf or R—Mg—Mf 

=M(g-/),=A/(32~20) 

=200X12 

R=200xl2 poundals 
_ 200x12 

— ■ =75 lb weight 


QUESTIONS 

1 State and explain Newton’s laws of motion (See §1 and §2) 

2 Define force and unit of force (iSec §2) 

3 State Newton’s second law of motion and derive the relation V—tnf 

(See §2) 

4 Give a few examples of 3rd law. (See §2) 

Numerical Questions : — 

1 - Find the magnitude of the force (i) m poundals (n) in pounds weight 
which will produce in a mass of 10 lbs an acceleration of 20 ft /sec * 

[Ans 200 poundals ; 6* lb wt J 

2 A. force equal to the weight of a kilogiam acts on a body continuously 

for 10 seconds and cause it to describe 10 metres in that time Find the masrof 
the body ^ [Ans 49 05 fc gRiniJ 

3 A mass of 10 lbs falls 10 ft from rest and is’tben broughMo rest by 
penetrating 1 foot intosome sand Find the average thrust of the sand on it r 

[/fw llOIbs) 
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lAW OF GRAVITATION 


^I. Introduction : — Who is not fnimlmr with the aslionomical 
principles fommlatcd by ICcplor — He formed Inwb which give the 
path of » plnnct round the sun Xowton formulated in IfiS? Jus 
famous Invr of gm'vilalion to explain Kcplci’s laws 

§2. Newton’s Law of Gravitation According to this lavr 
“every material xwrtiele attracts another particle with a force wdiicli 

m 

Fig 56 


is directly proiiortional to the pioduct of the two masses and in- 
vorselv proiioiMonal to the square ol the distance ” Let Mii and t»t 
J>e two masses placed at a distance d cm apail Let F he the 
force of attraction between them, then according to this law, Tis 
given by, 


Fate 


i»i nu 
d-' 


or 


a- 


(I) 


wrhere G is .i constnnl and is Iviiown as univcisal constant of giavita- 
tioii Its value a's delcrinined by Boys in ISDo is 0 fa.")76 X 10““ 0 G S 
units If m the above equation ?«i=/Wj=I and d==l then F=iG 

Tliorcfoie G is numerically equal to force of attiaction acting 
between two masses of 1 giam each when placed at a distance of 
1 cm 


When we consider attraction between tvio bodies d is tlie 
distance between their centres of giavity 


§3. Gravity;— Accoiduig to tins law of gravitation eaith also 
attracts everybody towards its centre This force of attraction is 
generally referred to as gravity, let Me and m be the masses of the 
earth and a body, respectively and let R be the radius of the earth 
If the height of the body above the surface of the earth is small as 
compared to the radius of the earth, (w'hich is 4,000 miles) the dis- 
tance of the body from the centre of the earth can be taken to be 
equal to the radius of the eaith Then applying Newton's law weget. 




Mt m 
R^ 


(») 
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Here F is the force vdth which the body wHI be attracted 
towards the earth. We know &oiq second law of '^motion that' 

if a force Facts on a mass m the aceeTeration 
fis given by 

F=fi\f. \iii} 

acceleration =F. M 

Therefore the body will move towards the' 
earth with an acceleration given by 

1 







after sahsii- 
-U 


tilling the value of F from equation Hi). 


=(? 




R- 


This acceleration of anybody towards flie earth is known as accelera- 
tion due to gravity and is denoted by ‘g" 


g= 


<7.34 




iir) 


The value of g is OS'! oms. per sec. per sec. It means if a l>ody 
is dropped firom a certain height its velocity will change by 9S0 cms’/ 
sec. after every second. 

From (fv) we see that gdoes not depend upon mass ‘m' of the 

’ • -eMlT Tvo tJk* ^laYTiO s>3l JSCZICS 


STHlg 

the earth.” 


same accelerationtowards 


2sow we know that if a body is dropped from a certain height, 
the time taken in travelling that height depends upon the accelera- 
tioii If acceleration is same, time taken will also be the same, for 
an bodies. Therefore we conclude. ^Time taken by digerent bodies in 
falling through the same hd^.t is ike same." This princiule was srsl 
demonstrated by GaSiio the leaning tower of Pisa and Ee was 
put in jail for preaching against the religions bdief according to which 
“the heavier Iwdy will faB first and lighter one afterwards.” 

(As evplained above this force of attcactton is matnal. Therefore 
earth is also attracted by the body with the same force bat its ma^ ^ ] 
being very large, acceleration produced wSi be very small and' is 
imperceptible). 

§4. Denstv of Earth: — If we know g. G and JJ weean calculate 
the dejaity of earth. B8cau'=e 




If earth is eonsidetei cs a sphere of mean density d. its •ma-’g-g Jfe is 
given by 

-’*4= volume Xdessty 
-friPxtf : 
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4:T.GR 

From this we can find out the mean density of the earth, 
taking5'=980/cms per sec per sec , G—G 65 X 10~®, and jR= 4000 miles 

§5. Variation in g: — Though G is an universal constant, g is 
not so Its value goes on vaiying from place to place as discussed 
below . — 

(i) On the surface of the earth: — As you all know, oui earth 
IS not a perfect sphere Its diameter at the equator is moie than its 
diameter at the poles Therefore, if we consider a body on the equator, 
its distance from the centre will be gieater than when the body is at 
the poles Therefore, the value of g, which is inversely proportional 
to the square of the distance will be less at the equator and more at 
the poles 


Let ge» R-ti be the acceleration and ladius at the equatoi and 
^j,, Rp at the poles respectively 

G GMe 

St — 2 o.nd Si>~~^'j^ z 

• ££.=:? 

ge Rp^ GMZ 

Since, Re>Rp 

• Sp'^St 

Hence * "As ive move from the equator to poles g will increase." 
f In other words, acceleration due to gi'avity increases with latitude 


(n) Rotation of the earth about its avis; — If a body rotates about 
a point in a cncle, a force ivill act on it along the radius and away 
from the centre This force is kiiow'ii as 
centiifugal force This force is given 

Mv- f \ 

by, centrifugal force=-^ w hei e v is the f ^ H 

velocity of the body and R is the radius \ J 

of the circle in which the body is rotnt- J 

mg Now , we know that earth rotates 
about its axis in twenty-four hours and pig 55 

evcrj'body placed on it will describe a 

cncle Since the velocity of earth is greater at the equatoi than at 


the iiolcs, centrifugal force is greater at the equatoi than at the poles 
This centrifugal force acts moppobite direction to the gravitational 
force Therefore apparent force of attraction will be !e«‘* at the 
equator than at the poles Hence "As wc go from equator to poles g 
will increase ” 
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(m) With height;— If the lieighl of a body above the surface is 
more we uill have to oonsidei it. and g Avill be given bj , 

^ [R+h)^ 

uherc Ii is the iieight above sea level 

IVom this as h increases g wall 
deciease Hence, *‘As we go higher mid 
higher the value of g deci eases'* or in 
othei w'oids g decieases with increase of 
altitude of a place at the same latitude 

(iv) Inside the earth;— If ue take a hollow sphere, the fored of 
attraetion on a body placed in it is zero Therefore, when we place 
a body at P inside eaith at a dis- 
tance/ cm from the centre, onlj’ that 
pait of the earth uhich liesuithin 
a sphere of ladius r 11111 exeit <i 
force and not that part uluch hes 
outside 'fhercfoie, m this case 
though R IS less, Mf is also leduccd 
and reduction in M* is more than 
reduction in R Theiefore g de- 
creases Hence *'g decieases as we 
go inside the eaith and becomes zero 
at the centre of the eaith." 

§6. W’eight of a body ; — Weight 
of a body is defined as the force of 
atti action exerted on it by the earth, 
while mass of a body is defined as the amoimt of matter contained ii 
it Mass remams the same at all places Let ni be the mass of a bodi 
and g be the acceleiation due to gravity Then, accordnig to 2nt 
law of motion, the force F acting on the body is given by 

F=ing dynes 

As we have seen above, g vanes from place to place and hence, i 
also vanes and hence "Weight of a body varies from place to place if 
the same manner as g vai les 



Thus, i\e see that weight and mass are two different quantities 
Sometimes m e call mass also as weight because weight is proportiona' 
to mass and at a particular place 

Ms . 

§7. Unit of mass and^weight: — You have read that the unit ol 
mass m memo system is gram and m British system it is poundj.and 
the unit of force is dyne and poundal respectively. The practical unit 
of force IS gtam weight and pound weight The force of attraetion 
acting on a mass of one gram is known as 1 gram weight and the 
lorce acting on 1 pound is known as 1 pound weight 
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Since foi pe= fV 

I gram MOiglit=l X‘)80 (h'lies 
and 1 pound uoighi=J X32 ijoundals 

Remcmbei tliat ilie value of g in / p s system is 32 f( pei sec 
pel sec Thus pound Aveiglit and giam weight wJneh depend upon 
the value of g are known giavitational units and dynes and poundal 
are known as absolute units A foice expressed in d^nie oi ijoundal 
will be the same at all places but if expres«:cd m giam wt oi pound 
w t it w ill vai V w’lth g 

558. Value of g on different planets: — Just as when we diop a 
body on the surface of the eaith it falls tow aids the eaith, in the 
same wa 3 ’', il we diop a body on the surface of tlie Moon or the 
Jupitei it will move towaids the cenlie of moon oi Jupiter with a 
certain acceleiation depending upon then masses and ladius Let gg. 
Mg, Jig be the acceleiation, mass and radius of the earth, and g„„ 
-^m the coi responding quantities for the Moon, then we get, 

Sr — Stn — 2 

• Sm_ G Mn ., Re —Mn^Rg^ 

Se R,n^ G M, M'e 

If mass of the eaith is taken as 100 times the mass of Moon and its 
radius is taken five times that ol the Moon, w e get, 

Lv“2=i. 

g, 100 1 4 

gm=^ Ifge=32,g,„=8 

A body on the Moon w ill fall with an acceleration of 8 feet per sec. 
pel sec 

Weight of a body on Moon: —Let m be tlie mass of a body 
IF* {w'eight on earth) =mgc 

Wm (w'eight on moon)=/n gm 

• ^m _gw 1 

Wg gg 4 

The weight of a body on the I^loon will be 1 pound if it weighs 4 
pounds on the earth 

§9. Highest height attained : — Whenever we pi eject a body in 
upward dnection, its velocity continuously decieases on account of 
acceleration g which acts m the opx>osite dnection The body will use 
to a ceitain height h when its velocity will reduce to 7cio and tlien it 
will fall down again Greatei is the velocity of projection greatei 
Avill be the highest height attained But, ui every case the bodj will 
come back This bairiei which does not allow the bodies to escaiie 
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is Icno-wn as gravitational Itarriei If we want to cvoaa this barrier, ^ 
the initial relocitv of projection has to be very high, (7 miles per 
see or 11 2 K metre per sec 1 

You must hare heard the name of Russian lunilcs and American 
explorers They have been fired only at such great speeds so as to 
cross the gravity bairiei and circle round the moon and the sun 

Numerical example : — A body is projected « ith a velocity of < 9S 
feet per sec. Find the highest height attained and the tsme of flighu ■ 
In this case u—96if=g—~S2. r=0 S—? t=? 

From the lelatiou \~u-hft 

0==jjG— 35 t 


t— Isecs 

It will take 3 sec in reaching the ereatest height It will come back 
agaui 111 3 sec Therefore total time of flight is 6 see ' 

From the lelation t 

0=96*-'2{32) S 


/>6x06 
' 2X32 


=144 feet 


§10. Centre of grarilj-; — ne considei a body of mass M u 
can be supposed to be made up of a large number of small parti- 
cles of mass m Each particle be 
attracted by a force mg towards the 
centre of the earth Thus, a large num- 
ber of parallel forces will be acting on 
the body. The resultant force Mg ■niE 
be eciual to the sum of these forceSf i e 

Mg=mjg-^m!g... ' ^ 

This resultant force ivill aetat a certan 
point Oof the body. This pointisinows 
as the centre of graiity Tliis poihi 
depends upon the shape and size of « 
bodj The moment of all the force: 
m^g, njog . about this point is zero 
Pig 61, The centre of gravity, of a unifom 

metre scale is at the middie point Tin 
centre of gravity of a sphere is at its centre The body will remair 
in equilibnum when suspended from the centre of graA-itv- 

fll. To find the value of g: — In order to findtJie value of g, 
make use of simple pendxilum Before we study simiile pendulun 
we should undecstancl simple barmomc motion. " 

Simple harmonic motion: — The motion of a body is sunpE 
harmonic if it satisfies the ibliowmg conditions -(For details sei 
section IT i : — 



dt it should more along a straight line. 
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(«) It should execute a to and fio ie„ oscdlatory motion 
(/I/) The force of restitution should always be diiected towaids 
mean position 

(/»’) Acceleiation should be pwportional to its displacement from 
mean position 

These conditions can he repiesented by the following lelation ^ 
acceleiation=o)® displacement . (i) 

vheic 0 ) IS a constant 

The pel iodic time of such an oscillation T is given 


*>— 


r=— 

0 ) 


(«) 


§12 Simple pendulum : — It consists of a heavv bob suspended 
fi om a fixed support S by means of an inelastic, u eightless string 
When it IS moved to B and left g 

it will try to come back to- 
wards the mean position When 
it leaches o it would acquire some 
velocit 3 ’' and therefore, it would 
not stop at o but v ould go to the 
other side A and will again come 
hack In this waj’ it 11111 execute 
to and fro motion till its ampli- 
tude (maximum displacement) 
reduces to 7ero due to air friction 

Considci the boh at B A 
foice equal to mg acts on the bob 
111 a veitical diiectiou Heie m is 
the mass of the bob and g is acce- 
leration due to gravity This foice 
mg can be resolved into mg cos ff 
along the string and mg sin 0 
perpendicular to stnng as shown 
111 the figure mg cos 6 balances 
the tension and mg sin 9 moves 

the bob towards 0 This force is knov n as force of restitution 
Force acting on the liol) bunging it to its position 

=mg sill 9 
force 



Acceleiation of the bob= 


mass 
sin 9 
m 

=g sin 0 

—g 9 (vhen 9 is small, sm 9=6) 


g f I X 


(i«) 
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Here 1 ^,hcn- A^<|,vj,}acohi<‘nf OJSaml J==Jcnph SB of\ 
the pendulum 


Compaimcr (/«) ^nth {/) we ge( 




From (ti) 


"-Vi 

r-—^ 2- 


<•) 


■ V4 


2-''Vt 


or 


r== _L 

« 

s= •*=’ ^ 

Tlus IS the lequired explosion. 

30 or ?0 t t'o ""rlHfSf „T 


... stv) 
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tuUv uujjjIuM* nf li\ th.'ini'inir / Knit) uiit ^ irom e.u h ••et 
njvJ Junl nuf mo“u«i:. 


Second*: pendulum nnd lls length:— Sot omh iHMiduium is 
thfi! {tomluhiin for «hirh fho jieriodio tune is 2 soo ff %tc suljstituto 

this Miluo of 7" in the oqti.ifion T=2- 
lh( lonpth of a scooiuN {KMidulutn 


V 


A\e ran o.doulato /, 


To find out this length c\pcrinicn(»ll> : — Find out tin ixMiodn 
tnno Toorro^iionding to \.iiimis lengths, as o\plainc<l aho^e Plot a 
gra Jilt hot ween / a Ilf 1 7^ (I’lp It willhe a sti night line Puifl 
out the Aahie of length / f orresponding to 7"-s='l This will gi\c the 
Ic'iigth of seconds penflnlinn 


$14. Factors afTeciing the periodic time of a simple pendulum . — 
The inn\imiiin disjiln cement of n hohftoin its mc.in position ishnonn 
as 'imphtiide We linxo seen iil) 0 \c tli.it (Ins ainplifiide sJiotdd he 
small For tins the length of the iicniluhim should ho Inige and the 
displaeoment should he simill 


Afxonling to the "i\en t elation 



no see that the 


]>eiior]ic tune T isditeutl\ proiioitionni to thcMj toot ol length and 
inveisely propoitional to the septate root ofg, the nccelemtion due to 
gravity Therefore, as (he length incicas&s peiiodio time will increase 
and as g decicases T a\iII inctease We luno already studied the 
vaimtion of goii the snifaee of the eaith, with height, oi ns we go 
inside the enith 


$15. Free oscillations : — In the absence ol ain* cxtcinal foice, 
a pendulum once distuihed wtll go on oscillating foi ovot At B itn 
displacement is inn\imnin and, theiefoic, its .acco- 
letalion is also maximum ^^^len it comes to 0 its 
displacement IS zero Thciefore its accelei.ition is o 
hut velocity is maximum When it is at B its veiti- 
cttl height above 0 is h and, tlicrefoie, its potential 
encigj’’ is mgh and kinetic eneigy is zero WJien it 
moves low aids 0 it loses potential cneigy and 
gains kinetic eneigy When it comes, at 0, the 
■whole eneigy is lanetic and ijotential energy is zero 
In this way, the total eneigy of the bob is cons- 
tant It only ch.angos fiom kinetic to potential and 
vice versa Such a system in winch there is no loss 
of energy is known ns conseiwative system In 
piacticc tlie fiiction due to .an leduces the ampli- 
tude oveiytime till it comes to rest 

Numerical Problems : — 1 Calculate the length of a seconds pen- 
dulum at a place where g~981 ems jsec ® 

The periodic time of a seconds pendulum is 2 sec Substituting 
this value in the equation, 


S 
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or 



4xy81_ 4>C^l 

4X--* 4'X3 14X3 JJ. 


=90 32 cms 

H A simple pendulum is formed by suspending O' metal bob from- 
a long string It swings though a small angle of 6^ on either side 
of us mean position so that the xertical descent of the centre of the bob 
from the extreme to the lowest position is 5 mm. , find the xelocityand' 
act. deration oj the centre of the bob at the ends of the swing and when 
crossing the mean position (g—980 cm sjsecs) 


(i) When the l>oh is in extreme position its vclotrtj’ is zero 

(ti) When the bob is in mean po^^flon, since itsdi' .acemenf is 
zero, therefore its acceleration is zero, 

(mi) The vertical descent of the bob is n mm and therefore 
the velocity acquired is the same as that of a body fallinj: lerliciilly 
l>y 5 mm. 


Accord ingly since w *0 

=2g;i 

v= ^/2ih = V2 xOSO'x *o=J4-v/7 
in) Acceleration when the bob is in extreme position — 
Acceleration —g’sin? 

—g 6 (n ben $ is small) 

O' X G"* 

=* {0 sbonld be substituted in radians) 

_980x6x3'I4 

ISO 

= 102 67 cms per sec per sec 

4 Gravity at the poles exceeds gravity at the equator in the 
ratio of 301 : 300. A pendulum regulated for the poles is taken to- 
equator, calculate how man} seconds a day it will lose or gain ^ - 

Let Tj and be the time and acceleration on the poles and TV 
and ^2 the corresponding quantities on ecpiatoi 


IVe are aiven that — 

gz 300 

Let / be the length of a simple pendulum fheurne^et 
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Squaring and dividing, 




gx 

oi 

82 

Since the penduliim is legulated foi poles 7\==2 secs. 

.301 


7’o2=4x 


300 


1+2x1 




2X300>' 

Since T, is moie the pendiiltim will lose It will lose 003 sec_ 
in 2 003 sec 


It wdl lose 


03 ^24X60X60 , 

20^ ^ ■ ■ "60 ~ ~ 

—2 mins. 23 52 secs 


o. Find the acceleiation of the moon towards the eaith assuming 
that the moon is situated at a distance which is 60 times the earth’s 
radius, this distance being measuied from the centie of the earth The- 
acceleration due to giavity at the suiface of the earth is 32 2 ft jsec ® 

Let acceleiation on the surface ot the earth be gj and its radius 
be Ri the acceleration of the moon be g^ and its distance fiom 
the earth ho /?o Appl 3 nng the foimula of acceleiation we get, 

G M, 


gi= 


8z= 


Ri- 
G M, 


( 1 ) 

(K) 


dividing (») bj' ( 1 ) lie get, 


gi Rf- 

(ro) 


(i 


)’ (Sin“4!=®® ) 


= ^ ^ V 

3600 

= 00804 feet/sec = 
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QUESTIONS 

1 What IS Newton’s law of gravitation ’ Show that two bodies of different 
masses when dropped from the same height will comedown in same time. 
{See ^2 and §3) 

2 What do you understand by acceleration due to gravity ’ Kow does it 

vary’ (See {sS and §5). , ; 

3 Compare the weights of a body on two planets {See ^8), 

4 Define Simple Harmonic Motion Show that motion of a pendulum is 
simple harmonic. Find the expression for its time peiiod. (See §11 and ^12} 

Numerical Questions — 

1 A body IS projected from the earth vertically with a velocity of 40 feet 

per second. Find (i) how high it will go before coming to rest (ii) what time will 
-elapse before it is at a height of 9 feel ? (Ans 25 feet, -i and 2i secs ] 

2 A falling body in the last second of its fall passes through 224 feet Find 
the height from which it fell and the time of its falling ] Ans 900 feet» 7^ secs ] 

3 A stone is dropped into a well and reaches the bottom with a velocity of 
96 feet per second and the sound of flash on the water reaches the top of the well 
'in secs from the time the stone starts Find the velocity of sound. 

1120ft] 

4. Calculate the length of a simple pendulum whose period of oscillation is 
'exactly one sec at the sea level , gs=981 Compare this length with that of a simple 
pendulum whose period is half second [Aus 24 83 ems ,4.1] 

5 A pendulum beats seconds at a place where g=980 ems /sec * How would ' 

Its length has to be changed so that it may beat seconds at a place where g~6B5 
.cm /sec2 ’ [Decrease by 29 87 eras j 

6 If ri and r 2 be the radu of two planets and Di and Dg their mean densities, 

show that value of acceleration due to gravity on the two planets will be in the 
Tatio of ti Di to ra Do • , 

7 Calculate the mean density of earth from the following data — 

G=6 68x 10-** C G iS units, ^=980, E=6 4x 10® JTA/ [Ans 5'47 gms per c c ] 

8 A seconds pendulum loses 10 seconds in 24 hours , what changes should 
he made in the length of the pendulum so that it keeps correct time 

[Decrease by 023] 
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PRESSURE OF LIQUIDS 


51. Propcrllcs of a liquid : — Vou have read about the iJicssure 
oTCriod l)V liquid-^ and a few related jnoportics of liquid in your 
jireviou’4 cltiBH’<« A brief ««ummnrv of llic«!c propeitics is ^een 
below. 

rollowiiif; are important proiMjrtios related with the belinMom 
of liquids — 

(/) LtqiiuK liave no definite bli.ipe They tahe up the shape 
ol the eoiitainer, though their \olumo leinains constant 

(») It can bo divided in fliflbrent parts 

{/«) Whenever a bodrnio\es through a liquid it offers icsistn nee 
to its motion 

(tv) The surface of liquid behaves like a stietchcd iiibbei 
mcmbiano, / e they show suiface tension 

(v) Liquids ahraj’s take then own lo\el 

(v/) Liquids exert prc.ssure 

^2. Pressure exerted bj a liquid column r—Liqiiids exert pi ossme 
Oil the sides of a vessel containing the liquid T/ns presstae acts 



Fig 65 Fig 66 

normally to the walls of the vessel and is equal m all dnections. Tins 
can be demonstrated by taking a vessel as shown in Fig 65 When 
liquid IS filled in it it comes out normally from all holes with some 
force This will be true so long as all the holes are at the same 
level. If we take a long cvhnder having holes at different heights 
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(l^g 66) fill It -n-itli water we shall see that pressme of water coming 
out of difieient holes depends upon the height of liquid column 
above the hole 


It shows that pressure of a liquid increases with depth. 


These pioperties of a liquid can also be demonstrated by the 
following expei-hnent Take a vessel containing uater and in it 

place thiee tubes as shomi in Fig. 
67 When the mouth of the 
tubes is at the same level, the level 
of mercur}’^ in all tubes is the same 
It means pressure at the .same 
horizontal level is the same AgaiOj 
if we lotate the tubes so that their' 
mouths point m difiTerent directions 
or put them at different' points 
alv ays keeping them at the same 
level, the level of mercury remams 
same It proves that liquids exert 
pressure at every pomt inside a 
liquid and this pressure acts equal- 
ly in all directions 

If we lover a tube we find 
that the height of meienry m it 
^ rises showmg that pressure inside 

hqiud rises with the height of liquid column above it 

Thus we see that ; — 



(i) Liqid exerts pressure at every pomt m its mass. 

(u) Pressuie at any point acts equally m all diiections 

(ill) Pressure increases with the height of liquid column above it ' 

(iv) Pressure is the same at same horizontal le\el in the same 
vessel or even in diffeient vessels inter-connected 

§3. Pressure exerted by a liquid column : — Consider an imaginary 
■ej’linder of cross-section iS sq cm containing a liquid column of 
height h cm ^ 

Volume of liquid m the vessel — Sh e c 
. Mass of hqmd contained in the vessel = Slid giams 
.* V eight of the liquid / e foice of attraction on it due to earth 

— S h d.g dyn^ 

Force actmg on the bottom of the cyhnder 

~ ShDg dynes 

- . Piessure actmg on the bottom= 

Area 
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s 

= //rfif. fhncs !>« tm 

M'hus pjPSMin* exojtcd h\ a liquid column ol Iiciglit // and 
■dciiHlN </isgi\on b\ /; rfg. d\ncs jjci mj nn 

^4. Transmission of pressure flirougli a liquid column: — If a 
pressure is exerted at nnj point in a liquid it would be transmitted 
equally in all dircttions and will act normallv to the walls of the 

VCS’-Ol 


ronsider a liquid conlainerl in a \csscl as shown in Pig OS 
There arc holes in the se-vsel carrying eslindiical tubes fitted with 
pistons , let the area of cross-section of 1111*00 
boles be S. '2S and 3S as shown in the 
figure Suppofcc we place a weight of F 
pounds on pibton I Then, pressure exerted 

p 

on the liquid h ^ According t-o the 

above principle the same pressure will act 
-on pistons 2 and 3 pushing them out If we 
wish to keep them faxed we shall have to 
apply (he same pressure P in opposite 
direction Thercfoie, force needed to pio- 
duce the same pressure on 2 is gnen bj 
forcc=pressure X area 



Fig 68 


=Px25= ' X25=2F 

F "iS 

fcimilaily foice on 3=PX3iy= S ^ 1 


Thus, w e see that force acting on 2 is 2F w liile on 3 is 3F, / e 
<i force of F pounds acting on 1 produces a force 2F pounds acting 
on 2 and 3F jjounds on 3 proportional to their aiea of cioss-seetion 
This IS tlie pimciple of Bramah’s Hydrolic Press (Pascal’s pimciple) 



The same principle can be pioved 
b}'^ a vessel as show n in Fig 69 Wi and 
IV 2 are the w eights placed on the piston 
Fj and P 2 lespectively so that the level 
of liquid is the same in both the limbs If 
Si and S 2 are the areas of cioss-seetion 
of the two limbs, it can be sllo^yl that 
Wi W2 


pressure = -^= 


•Si 

'W2 S2 


Fig 69. 
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§5. Bramah’s Press ; — A simple slcetcli of the press is sliowu 
ui Fig 70 A and B aie two oylindiical vessels fitted ' with 

pistons P and Q ' The 
aiea of cross-section of B 
IS laiger than A P can 
be pressed down by means 
of a liver arrangement L 
Q moves through a strong 
frame S which carries a 
flat disc P at the top 
rigidly fixed to the frame 
Q also ends in a circular 
platform A and B are 
connected by a side tube 
D through a valve V 
which opens towards B, 
A IS also connected to 
a tank T through a valve 
V wluch opens in A T is 
connected to D witli a st-op-cock C Tank T, A and B contain 
watei Anytlung to be eompiessed is placed on the platform of O, 

Working: — ^When Pi is piessed down, P moves downwards 
diivmg some water from A to B through V V (from T) is closed 
Q moves up When Pi is moved up, P goes up V is closed. V (from 
T) opens and water fiom tank Tenters A Again when Pi is lovered 
doini some vatei vill be transferred to B and Q, will rise up. In 
this vav after ei’^eiy stioke Q uses up and the object between Q.and 
Pis eompiessed As the operations are repeated pressure on the 
object increases and it can be compressed to am' extent "Rlten ve 
want to lelease the piessure, open the stop-cock C, v ater from B will' 
riui into the tank T and 0 wdl fall down Let the area of cross- 
section of P and Q be a and p and the distance of Pi and P from 
fulcrum be X and Y Let F be the force acting on Pi and' Pa 
on P then accordmg to the piinciple of lever Pi-V— Pny 

Pa = Pi ..{/> 

fret pj be the force acting on the piston Q due to compiession. 
of the object, then, 

P ‘ 

Pressure exerted onP=--? 

a 

f 

and pressure exerted on 

P 

Smee, these two are equal, v e have 




Fig 70. 
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CHAPTER Xn 

ATMOSPHERIC PRESSURE AND ITS MEASUREMENT ' ' 

§1. Atmosphere and its pressure: — Our earth is suirounded by" 
an envelope of air on all sides It is a mixture of oxygen, nitrogen*, 
hjfdiogen, carbon dioxide, watei vapour and meit gases Nitrogen, 
and oig'gen form the majoi poition This envelope is known as 
atmosph^eie It extends up to 5 miles and in traces up to 200 rniJcs 
and beyond The density of different layers of air goes on decreas- 
mg as we go up till it becomes negligible As j'^on aU knou , air possesses 
weight and anything uhich possesses v eight will exeit some force 
when placed on othei tlnngs, just as when u e place a bdok on oiir 
hand we will feel its force If we place another book on it tlus’ 
force will increase , m the same way different hwers 6f an. exert 
force on the lower layers and the whole envelope exerts force on the 
smface of the earth" T/ns foice exerted pei unit men of a surface is 
known as atmospheric pressure. As we go up, the column of air above 

us will go on decreasing and consequently 
piessure also goes on decreasing. Ima^ne 
a cyimder of unit cross-section extending 
right up to the top of the atmosphere 
The force exerted pei umt area due to the 
weight of ail contained in this cyimder is' 
known as atmospheric pressure ' This 
comes out to be 15 pounds pei sq meb 
or 10® dynes pei sq cm (approximately) 
The atmosiihere is divided into various ' 
layers jiossessing characteristic properties 
These layers are shown m Rig. 71 ' , 

At any point this pressure of air acts equally rn dll d'rections . ' ' 

§2. To demonstrate the presence of atmospheric pressure: — ^Tou 
must have load in your previous classes the vanous expernnents 
which shew the presence of atmosphenc piessure ’ A few have b,^een , 
enumerated here 



(i) Take a glass and completely fill it with water ^ Place a 
piece of oardboaid or glass plate ovei its mouth. No air bubble 
should remain in it Gently tuinovei the 
glass as shown in Pig 72 It will, be 
observed that even though water is exerting 
its iveight on the cardboard, it does not 
fall down This can be explamed if we 
suppose that atmospheric piessure" pashes 
the cardboard in the upward direction 

(/i) See Pig. 73 These are known -as 
Magdeberg’s spheres When they are fitted. togetJier they become 

I 
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CKAt*. xiij at!:o<;phi:pic PRir'JSUKr awi> its measurement S.J 

.Tir4!pht funl i.iU he M'p.aatetl hv pulling .ipiu ‘^o f.ii as llicro 
ts nil* MiMch* tli-'pi lilting them toci’fhtr. 

<'A:hnu‘-! ilip ah wilh the help of u •'ii'lr luli«> 
an^i olo'-’tj Iho stop.coch il lii'miiu's 

thflionli to ‘•I'pTrate them* 'fins cxprnnioiii 
\\j.siknnonsi raf <sl hy O(to Von GttcricKc bt. foi <• 
liPj omporoi Ivip'pmtvl ii hordes on <*Tfh 
Mile to frcpiratc tluni This ^aIl ngam he 
e> plainwl oiilhc hasisnf almo'-pherio pres-iUK' 

So fai ns nii msidc, llit> j»U‘-.snie on 

hotli sides of lilt -plioio is flip same .uuI is 
nfmosplunc prp'sure Bui, ttlien ihc\ are 
cxhn«st,cd, there is no pro'snic on the inmi 
surfnee, while -itmoijjherie pressure acts on 
the onlcrsmfnce Therefoic, a great pull is 
needed to separate them .SimiIaiJ 3 '', the filling 
of fountain pen, •working of kctoscnc pump 
oi water pump, aic all based on stmos- 
phenc pressure 

§3. Wc do not feel atmospheric pressure: — '1 he pic^suic ccerted 
h,v nlmospheie is 1*1 llis per stpiaie inch The average suifnce area 
of a man is 10 sq feet or 10x141 sq inch Thoicfore the total 
force exerted by air on a man’s hodv’ is about 15 tons’ weight, but tve 
do not feel it atall TJie reason is that thcio is air inside our body also 
and that air evertsS the same pressure in opposite diicction to atmos- 
pheric pressure Therefore, resultant pressure acting on our body is 
zero You must have read that whenever an is taken out of a 
barrel, it will be deformed on account of afmospheiic picssme 

§4. Measurement of atmospheric pressure : — Simple Barometer ; — 
3Ieasurement of atmospheric pressure has become a necessary part 

of onr scientific times The instrument which 
IS used for this purpose is knowm as barometer 
It was invented in 1 643 for tlie fir&t time by 
Tomcelli, a pupil of Galileo 

Construction and working: — Take a thick 
glass tube about one metro long and 2 to 3 
ems in diameter Fill it completely w'lth 
mercury and close its mouth with j’^our thumb 
Gently invert the tube in a tiougli of mercury 
and remove the thumb when the mouth of the 
tube is inside mercury (See Fig 74 ) When 
the thumb is removed, some meieuic’^ will come 
down and it will become steady at a certain 
height H Aocordmg to the pimciplc, liquid 
takes its own level, the level of mercury out- 
side and inside should remain the same hut it 
IS not so, why ' When the tube is in vertical 
position let the height of mercury in the tube at 
B he jy cm higher than the level of mercury in 



Fig 74. 
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trough ct A. Tnitj coluam of mcreurj* want^ lo rtia dou-n on 
account of its 'ucight, but it is supported an tliia |>o«uio3i by atmos- 
piieric pressure actnig on the level of mercury' on trough at A, tf re 
take a point C in the tube in level r'-ifb A, tre loioia that the pressure 
at A should he equal to jaressare at C: otiitrvisc the liquid uiU fiov 
Inch pressure to low pressure At A, aiiaosphoric- pressure 
is acting and at C, presMire due to merenry eolnran j*? aotiiig- 
Thereforc we hare. 


Atmospheric pressure P ~ pressure exerted by H cm of aier- 

enr;,' colnmn. ' .(0 

Generaiit sav that picssnre is 76 cm? It means tluit 
atmospheric pressvire is equal to the pressure exerted by a 'niercun' 
column of height 76 cm'; Wliat will be this pressure in absolute units, 
that is in dynes per »<» cm ' 

Let the radius of the tube be cm Therefore its area of Cross- 
section will be ttr- sq cm Tlie volume of mercury above C v/iii he 
wr-H c. e. Its mass c^di be -zi-Hd gram Tlicrerore its force 
{weight) exerted on the meiciuy level at C mil be -tr-Hd^ dyne®- 
where g is acceleration due to cranty tforee— mass;:aceeWatio:i). 
Thijs force acts on jrr- 'stj cm Therefore, pressure Pic, force per 
unit area is given by 


P = 


::±-Hdir 

-zr- 


=® H d.g dynes per sq cm 


.*. Atmospiherif pressure P in absolute uvirs is given *by 
P^Hdg d> lies pel sq cm .. 

In the above example ulien B is 76 ems and d is IS C* no get. 
Atmospheric pzessure P—76 X 13 6 X DSO dynes |iey sq cm 

=l 03 X 10® dy'i'es per stp cm 

76 cm® is. ivUOM n as normal pressure It is ol»seived at sea 
level We can calcu* te the pressure in absolute units for any other 
hei^t in a similar manner > 

The siiace abore mercury in the barometer tube is vacuum and 
fe knov n Torricelli vacunm. 

Following things affect a simple barometer: — fr} Utiio 
tube of the liaromete^ is tilted, mercury- will n®e in the tube but its. 
vertical height will remam the same {see Fig 7=:} 

(n) If a few diops of w ater or anv other liquid are introducetl 
in the space abovemereury. the liquid will atoocei-aporlse on account 
of low pressure and the height ofmerciuy -vnll fall don-n. Like a»r.- 
vapouTS of different Lquids also exert pressure and. therefore.nou the 
pressure P of the atmosphere is ecpial to the pressure excited, due to 
mercutv plus the pressure exerted by the vapours If H is the height 
of mercury when there is no v-^pout ard ft li the .height oi: mercury 
after -introducing the \-apaur, we.h.ive P—N, when there -is^ 
vapour and - - ' < ^ 

P=I -rp xihen there is vapour 
p IS the pressure exetfed hy the vapoure 

v p=P— ^/icm. of mercafy."'' i 
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Poi example, if, the height of m theliist case is 76 

ems and aftei intioducing the \apoiu it iClO cms, then piessuie 
exerted hy tlic vapoui is equal to 
76 — 70 cm ie,6cms of mercury Such 
a haiometei having a paitial vacuum is 
known as a faulty baiomctei 

(in) If a hole is made at the toji 
of the tube, the ■whole of merctuy -will 
faU doivn and the level inside and out- 
side Avill become tlie same 

(iv) If a hole is made m the 
middle of the tube, air ivill pass up and 
level will fall down 

(v) If ve take the haiometei on a 

mountam oi in an aeioplane, its height 
will fall as the piessuie deeieases This 
fall m pressure is generally utilised for Fig 75 

measuring heights It is found that a faU 

of 1 inch takes iilacc ivhen w e ascend a height of 0')0 feet appiox 
This wiU hold good for ordinary heights Thc-iO niitrumeuts used 
for measurmg heights are kuo-wii as altimeteis 

(vj) If -wo take the haiometei inside a mine, its height will 
inoiease due to mcioase in piessuie 

(vii) If instead of meicuiy anv othei liquid is filled in baio- 
metei, its height will be different Let Hi he the height of a liquid 
barometer of density di and H 2 be the height of mercuiy haiometei 
of density dn The atmosplieiic piessuie P is aiven hv 

P^Hidig 

and P=H 2 d^g 

^^idjg=Hldig 

(m) 

Piom thi-s we can calculate the height oi .iia liqiiid haiometei 
Height of water barometer — 

Suppose dn^l'ib di=l 




'1J6 

1 


cm 


= appioxiinatel 3 \ 

Geiieialh wc lahetho height of water hiionietei as 14 feef It 
is 13 6 times, the height of nieicuii haiometei 

Uses of barometer (i) To find out height : — As. exp! uned 

above 

(ii) To forecast weather — These dajs weiihei fiucc'i>ts Inie 
become moio import (inf In that, we •should .lUo know the rimo.'- 
pheric presume .Sudden fall of ]nei>s>inc mdit'ifc'j had and ‘^tomiv 
weather and it mav ho follow c<l in" lams If pressure mere jt 
indicates oleai and <irv weather 
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^ 7. Fortin’s Barometer — Kimpie be roraetcr a fi" explained mi i 
suffers from two defects — (?) There is no permanent fixed scale Tot. 
tnlvingthcieadingoflieiglit , and '* ^ 

(«) The le\el of meiciuy in the liough also clninges nhich 
malies it difficult to fix a scale Those two defects are overcome 
in Fortm’s baiometOK ' _ ' 

Construction : — See Figs 70 and 77 It is an lnlpro^ ed fonii of 
a simple barometer The glass tube filled with inorcurv is inverted 
over a trough of meiTtiry, 

'riie glass tube la enclosed in 
a brass easing A long win- 
dow W IS cnl in the brass 
tube in the upper part where 
the lei el of ineicnrv stands 
in the glass tube A scale in 
inches is graduated on the 
one side of the wmdou and 
in cm on the othei side A 
veinieris fitted in thowindou 
and can be worked with a • 
seiow The moicmy trough 
IS also enclosed in a casing 
MNOQ and cames a leathei 
baa at its bottom A sciew iS 


Pig 76 


presses against tbe bottom 
of a leathei hag. By moving 
the screw the bag can be 
laised or lowered and tbc 
level of mercury in the tiough 
can he raised or lowered An 
ivoiv iiointci P is fixed in 
such a way that the pointei 
lies at the zero of the main 
scale The wholetlung is again 
' enclosed iii a glass casing. 

Working ; — Levofthe barometer ;Mo ve 
the sciew Smsudi a way that meicmy 
level in the tiough touches the pomter. 
The image of the pomter wiU appeal to 
‘touch the pomter. Move the vemiei 
up and down till its lower edge coincides 
w ith the ,upi»er lucmscus of the meronrv 
Take thC leading of incicurv level in the 
tube 

Correction of b.ironieter readings: — 
There aie a few' errors in the leadma so 



niKIUlljlM 


- FerWs , 

taken on account of the expansion in the scale and ohange.in thb 
densitv. of mcTcurj due to changes m temperatuies" ^ These wodld 
be consideicd m the Ohaptei on Expansion ui Heat 



CHAP XII] ATMOSPHERIC PRESSURE AND ITS MEASUREMENT 


87 


Defects of Fortin’s Barometer : — This baiometei is bulky and is 
not poi table It needs vertical setting and, therefore, it is not con- 
venient for taking it at dilFcicnt places or in aeroplanes for measuring 
height Hence, Aneroid barometer is used for this purpose Butuhei- 
ever accuracy is the main concern, Fortin’s barometer is to be used 
, ^8. Aneroid Barometer —No liquid is used in this and, there- 

fore, it is known as aneroid barometer 

Construction — (iSeeFigs 78 and 79) It consists of a c 3 ^hndrical 
chest C uhich is covered bi' a corrugated diaphragm D A pointer 



Fig 78 

P IS attached bj’^ means of a lever arrangement L Pointer P moves 
on a scale S graduated in inches of mercur}'^ to read pressure directlj’- 

Working — When atmospheric pressure changes, the corrugated 
hd moves accordingl}’ These movements are magnified by the lever 



Fig 79 

arrangement and finallj' pointer P moves along the scale The readuigs 
of the pointer give the pressure m inches directly 

T his instrument is light and portable and is commonlj' used 
Its readmgs aic not veiy accurate 

QUESTIONS » 

1 Wliat IS atmosphere ^ What do you mean by atmospheric pressure being 
76 ems of mercury at sea le\eP Explain (*? il and ?4) 
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2 How as a barometer affected if 
(i) a liolc as made at its top 

00 at IS inclined 
{/») a hole is madcin the centre 
t {/]') It is earned up in the air 
(i) there is some vapour in the upper part of the tube 
O'O another liquid IS used. {5ce|5) 

3 Explaining the defects of a simple baromelcr dcscnbc the construction 
and working of a Fortin’s Barometer. Discuss its advantages and disadvantagts. 
(See § 7) 

4 Wntc a note on Aneroid barometer. How can it be used for measure- 
ment of height or forecast of weather {See ? 8 and § 6). ' ' 




lit!*' A 1' 1 « i»‘»t •>! j'rojvir!u»mh< V . 

I'V -K 


-/y 5 .K 

/*,. /*,, l\a\> jln< juf'Stiu- « ml Tj, 1'. uul ui >ts«orits- 
yciniliiifi xolunu - T InH, jn'tnr'lmj' 1«» tln^ 1 — //ir pindini of pn,\- 
•surc Olid volume of a certain maw of }• as remamv constant , so far as 
.ictniH rature n constant 


I’V»r t \ ijnj»U' < oiiMflor ;;j •unin of (.ms ul u to tain It'mpeintmo 
PC ij(l li 1 111 ]ircs-,uji, lip Pnivl \olunM* I' The* pio»]uci ol picssuio 
niliijiH* \m1I Ih* P V J5ui)j)oso lune prc'^Mirc js jn«'ic.’i‘-(sl fo IP, 
tlitu \oltijm wjII hfcomc F2 .unl i(rain llu- pioduof ^\Ilt ho 
K 

2P' - ~~ PV In thi*- e\.n , juoduct wjllnhv.ivs holhcsnjno 


U suppose at PC inslofiil ofm prams ^^e take Im pi mis of gas, 
its product o< pjcsMiro .md \ohmw* Mdl he 2PV and so on. Tims, 
thf jiHidnit of piosMuc and \ohiinc is constant uid deptnds upon 
mass of the pas 

?3. Another form of Boyle’s law Aceoulmg to Boyle’s law 

PV=K 

Ix-t- llic mass of pas he* in pmm 


Tlicn, 



wlicif d IS tl»cdcn«ity of the gas 

SO 
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Tkerefoie for a given mass of a gas the ratio of pres'^ure and its 
density remauis constant at a constant temperature 

Experimental Terification — Apparatus and its description : — 
The Boyle s law apparatus is shown in fig 80 AS is a fixed , 

tube of glass closed at one cntL £F'is an- 
open tube which can be raised or iowered- 
AB and EF are connected by means of a 
rubber tubing. Some amoiuit of gas is- 
enclosed in AS and rest of -/f Band mbber 
tubmg and part of EF is SHed with dry- 
mercury A scale is fixed on the stand on. 
w Inch we can read the levels of mercun* 
m j4Band EF ioi any position o££F. 

Principle: — We measiae the volume 
of the enclosed gas under difierent pres- 
sures and find ont the product of pressure 
and volume If it comes out to be cons- 
tant the law IS verified. (See a *Texl Book' 
of Practical Physics’ by anthoisl ’ 

W orking : — 1 Find out the atmos- 
phene pres'siire H by a barometer 

2 Le\el the apparatus with the 
help of a spirit level. 

3 Fix up the reservoir JEF in some ' 

X>osirion ; suppose the level in EFjh lower 
than the level in Take the reading ' 

of meieury levels in BFand AB, In this. 

position The pi-es.-ui’e of the enclosed gas F will be equal to H—d 
where d is the difference m the levels of meieury m the two tubes 
Thevolmneof thegas V wtH be where Bis the m&x of tross-section 
of .<4B_and I is the length of air column in AB. I can t)e obtahied by 
substracting the i-e.uling of B from the reading of meicuw level at <J. 

4 Xow rai'se the reservoir by 5 ems or so and again find out 
P and so on When the level of mereuxy m EF is highei than iilAE 
prcasm-e of the enclosed gas will be H-\-d. ^ 

.5 Fuid ont the product of P and the corresponding lengths. I,.-' 
I.C PJi. PJ^ and so on If this comes out to be a constant the law 
is veufiod.'’ because. ' ’ ' " - 

If P^\ ^PM 

' oi Pj\=^Pst'\ 
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A graph between P and-^ will be a straight hne, (Pig 81) 

A graph between P and F is a rectangulai hj^perbola (Fig 81 -A) 

Numerical problems : — 1 The volume of an bubble increases 10 
times m using from the bottom of the lake to its swface If the height 
of barometei is 30 inches and if the tempeiatiue of an bubble lemams 
constant, what is the depth of the lake^ {Sp gr of meicury is 13 6) 

In such problems where certain amount of air is tiansferred 
fiom the bottom of a lake to the surface, the pressuie on the air 



changes and tlieiefoie its volume also changes and we can applv 
Boyle's la-w When the bubble is on the sut fa le the pi essurc acting 
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A V atei column of height h vSmee \\ e have to add these t\\ o pressures, 
thev should he expiesscd m the same terms Atmosphem pressure 
an teims of ualei column is equal to 34 feet If the volume of ah-jat. 
the bottom is F c c , at the top it uill be 10 F c c ' - - I.' 

Let the cleiith of the lalce bo // 'feet, 

Then, applvmg Bovle’s law ue get, 

34xlOF=(34-f//'/F 

/r=340--34=3l)6 feet 

2 A cylindrical diving bell 34 feet high is hweied to the bottom 
of a lake {a) if the water lises 30 feet inside the bell how deep 3 S, the- 
lake at that point (b) n'hat mumiain piessine would the coinpiessioa 
pimip have to pioduce to foice watei entirely out of (he bell "I \ 

Height of water barometer ~3i ft. 

Let the piessure and volume at the top" 
be jPa and Vj, and at the given deptli 
Pi and Fg lespectivelj' . - , - 

Fete, Pi«=34 ft P2==(34+'/»-^ 10) ; 
Fi^MxS', Fg«=4x| , . . 

Appljung Boric’s laav, 

PiVy-P^V^ 

34Xl4xS:^(84>i-h-J0), 4 S 
476=(24+/04 

24+/l«'^=:119 

/i=liO-2W9o feet‘ . 

pressure loquired to throw out the watei is equal to 95 ft. of natc^ v 
column 

, e* 

Numerical problem on Faulti barometer: — 3 Some air is intio- 
diiced mfo the space above met any m a barometer tube 'The height *of 
meiciay column is 29 inches and the ^ace above is 4 inches. The tube 
IS pushed doxin into the cistern^ so that the space is i educed to 2 mcheSt 
the height of met cm y becomes 28 inches What will be the height of 
mercuiy viairftee baiometei. , 

When some an is introduced in the baiometei its height fafts 
*down on account of the pressure exeited bv the air In such a case, 
Atmo^phcijc prcssnie^Pressuro of the 
enclosed an -{-the height of mercury 

Piessuve ofthe enclosed gas=Atmhspheiio 
pressure —the height of niercuiw, ' 

Let pi and pg bo the pressuie of the 
gasm two cases, respectively 

Pia=H-“29) H,is atmospheiic 
, . pgaaif— 28) V ! jiiessure. 

Lct Fj and'T'g be the volume of the 
enclosed gas m the two cases . let aiea of ’ 
cioss-seotioii be S ^ 
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Fj=JxScu inclios 
F2=2 '''S'cu inches 
Applying Boi'Ie's law wcgel, 

PiFj==PJ/; 

{H-2f)){iS)={H~2B) 2 S 

or (//-20)2=7/-2S 

01 2H-oB=H-2H 

//=30 inches 


QUESTIONS 


1 State and explain Boyle’s law {See §1) 

2 How will you verify Boyle’s law experimentally 1 {See §2) 

3 What are the important provisions of the law ’ {See U) 

t 

Numerical questions — 


1 A cylinder filled with air at atmospheric pressure is lowered in water 

with Its mouth' downwards till it is 1/3 full of water To what further depth 
should It be lowered till it is 2/3 full of water Density of Ha' is 13 6 and baro- 
metne height IS 76 cm [Ans 15 504metresl 

2 On introducing a bubble of air of volume 3 c c the mercury in a baro- 
meter which orginally stood at 76 ems fell by 12 ems Find the space above mercury 
in air-free barometer, assuming the cross-section of the tube to be unity 

, [Ans 7 ems ] 

3 At what depth in water will a bubble of air have the same density as 
water, given that water is in compressible and that air obeys Boyle’s law for all. 
pressures Density of air at ordinary atmospheric pressure is 1 25 gm litre 

[Ans 8258 46 metres] 

4 The space above mercury in a faulti barometer measures 10 ems and the 
mercury column extends to 70 ems above the mercury in the cistern on depressing 
the tube into the cistern the mercury stands at 68 ems and the space above mercury 
measures 7 5 ems find the true atmospheric pressure {DeUn 1948) [Ans 76 ems ] 

5 Two chambers containing i/u and »J 2 gms of a gas at pressure Fj and 
rcspectnely are put into communication what will be the pressure of the mixture ’ 



Pimjd2+Pzm2dt ‘\ 

ntidi+mndi J 


6 At what depth in a lake will a bubble of air have one half the volume it. 

will have on reaching the surface ? [Ans 10 336 metres] 

7 Calculate the ratio in which the volume of an air bubble increases when 
it rises to the surface of the sea from a depth of 2 Km givfen that the density of 
sea water is 1 05 and the atmospheric pressure is 10« dynes cm - [Ans 205 8 • 1] 


8 The space above Hg column in a barometer tube contains some air 
The Hg column is 28 40 inches long and the space above it is 3 05 inches long The- 
tube IS then pushed downwards into mercury so that the column is 28 14 inches 
long while the air space is 2 34 inches What is true height of the barometer *> 

[/Ins 29 26 ems] 


9. A narrow tube with uniform bore is closed at one end and at the other 
end is a thread of mercury of 8 ems length The tube is held vertical with the 
open end (i) up (») down The lengths of air column enclosed in the tube in the- 
two cases arc 34 and 42 ems respectively Calculate the barometric height 

, f/ ns 76 ems J 
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PUiMPS AND SIPHON 

wrt m i" t-Pmnpa play aa topoitont 

water from fleen ^piL ° a fowntain pan to taking out 

jnonntr TOifnv ? s, we use pumps Just as pumps are used for 
anotlim* in the "vessel to anothei or fi*om one height to 

MfliiT of the pumps aie also used foi producing yaouuih. 

Snedoh^nrwf%f^®°°'T®^ inventions' wluld have 

remained obscuie but for tlie production of high vacuum 

* t 

•categories d^pendma ^umS? divided into different 

egoiies depending upon their working. There are lift pumps, 

etc pumps or, compression pumps 

*• 9 

Lift Pumps — ^Principle of Work-' 
ing : You have already read tliafc 'oii 
account of atmosphenc pressure, w ater 
canrise to a height of 34 feet in atuhe if 
thcie is vacuum in it This’ is 
pnnciple of lift oi suction jiumps. J 



the’ 






fifi. 84 

su. iho piston winch also 


(a) Water. Pump-rConsfruction r-r 
oee Fig, 84 It consists ofacyhndei fitted 
witli a piston P which can ho raised or 
lowered by means of a handle A 
mng tuboAms attached to the cylinder.’ 
The length of the tube is such tliat it " 
lenchos w ater level hut it should Viot tie 
/'gi eater than 30 feet for etficiont work- 
ing Theorofically, it can ,he up to 34 
Aoct. if it IS longer than 34 foot, waloi 
. V ill not rise ui the cyhnder. This tube 
gauge Z at the lower exid “ 
At the upper end of the iiihe a- vnivc Ij 
13 lived wliieJi c.tn open ohjy in Ihft,' 
ey under Aiiothr r \'alv'c kj is provided 
open« only m tho upwaid dneotion. 





WorKinp:— {5cc Tijr ‘^'5). I’l.'icc lln‘ ptimp in x.ifha \\.i\ (baf/ 
the In’ ■r> 'Iip 1 m Vxnt/’i iho powfion of <Ii» jncton i>x ,it 

the lottt -.f iM'-Pioji of tlio 
e\}nukr Xov Iht 

piston k, 

v.jn ! r- rhie lo 

'itnios|i\}(?*'ir prr.'xMire nnil 
nn from <vhn»lcr mil 
he llfox.n O’M ^‘lClnlIn 
x’lll t;e«rc'’UtI helxxcen k, 
and and lu from A'}' 
will ronie in the rjlimkr 
and «omt.* «nfer will nsp ni 
AT Ajmm ^'hcn 'we loxxcr 
down the piston Vj will lie 
<,lo=ed <1nc to prc’xsiire of 
jeiidosod ail and will 
oiKin and air from kj p,g ^5 

will be p.i-.swJ on Again 

when wc move the piston in upward direction, the air aboxe the 
piston will he thrown out. and fresh air from TJ'will come in In 

this wa\ m two 01 three operations good 
vacuum will be created and water will rise m 
the cylinder and bite air it will also be thrown 
out of T. 

This pump can work only when water 
level is not below 30 feet Again, the outflow 
of water is not continuous Water will come 
out only dunng the upstroke 

\..y^) Force pump ; — In ordei to overcome 
the above defect we use a force pump It is 
shown in Fig 86 Its construction is the same 
as that of water pump described above except 
for the following differences (i) A side tube 
UW 18 attached to the cylinder instead of 
tube T at the top of the cylinder (n) Value 
K 16 provided inside tube instead of piston 
which also opens m the tube Piston is made 
airtight Cjdindei C is fitted inside the well 
at a height lower than 30 feet from water level while the side tube 
U W comes to the top of the well 

Working : — When the piston is raised up, the an of the cylmdei 
passes out and air from TF enters in When it is lo’xered down F is 
closed and opens and air is throwm out through l/JV After 
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A good vacuum \\ a lor comes up m the cylindei and 3*> fotccil nj> Oie 

tube when ilie pisttoH goes douii. ’ Xu tius 
ease also the flow is discontmuoiiX In older 
to mabe it conlmuous, a reservoir {R) or gafe 
cliaiuliei is fltted in flio side lube UIV as 
sho^Mi m Fig S7. When the piston is laiscd 
01 lowered rapidly, u ater coflect s in Xt and 
premises the air containc<l in it. When the 
piston going doun, the compressed air 
in R pleases the ivater in GH In this uay 
water is forced up in the tube when the 
piston IS going down as vtU as when’ll is 
going up- 

t: 3. Some other kinds of pumps: 
\i) Kerosene pump* — Yon nnis! have read 
.iboul kerosene pump: its working is similar 
to water pump. - ,, 

(n ) Fountain pen : — You arc ipnie fainilnr 
with \oiu fountain pen When it is dipped 
inside ink and tiie spilng 5“ i& xa^^ed it pies^es the lubbcr tubing and 
thiow s out the .ur from it 'W hen iS is low ei ed oiraui rubber tube aaiun 




Fig S8 

opens and vacuum is created in it Ink due to .itmospUenc 
rises in it In tius way it can be filled (Fig SS). 


Cicle pump: — Its worldug can be 
understood b 3 ’’ i efen ing to Fig S9 TtTicn piston 
P moves up, Fi is closed Fo opens and ait from 
atmospbete enters the cylinder between f'\ and 
Ka IVlien the piston is lowered fa is closed due 
to pre<isui*e of enclosed gas and opens and 
the air is forced in tlie cycle tube In this case, 
Fj is provided inside the cvele tube and not in 
the pump. 

(/' } Football pump : — Its construction and 
working is similar to cycle pump except that F^ 
is provided in the no7?le of the pumj) 



FigS9 


, §4. Vacuum pumps or esbaust pumps: — For the first time ixi' 

I6E0 Otto van Gueiicke constructed a vacuum pump. His pump * is- 
shown in Fig 9t>- i? is a resm oir to be evacuated- This is ebnneo-’ 
ted hy means of a tube to the jiuiap P ' It is evident ftomthe figUiy 
that the constiuctiqn of the pump is similar to the wrfer pump. 
When the position iff moved up i is closed and air from i? enters ioro 
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the cylinder Wlien piston comes down K, is closed and V 2 opens due 
to pressure of enclosed air. This air comes up m the cylinder above 



Fig 90 Fig 91 

the piston See Fig 91 Again when the piston moves up this air 
18 thrown out and some more air moves in from R Thus, after 
working the pump a number of times, good vacuum will be produced 
in R 'When the pressure inside R becomes so low that it is unable to 
lift the valve F,, air from R will not enter mto the cyhnder and any 
further evacuation will not be possible 

§5. Pressure in the Reservoir after a few strokes — Let V be the 
volume of a vessel and the tube up to valve Vi and v be the volume of 
cyhnder enclosed between the two extreme positions of piston When 
the piston goes up and down, every time v c c of air is thrown out 

In the beginning, when the piston is in the lowest position, the 
volume of air in R is Fee and its pressure is P (atmospheric pres- 
sure) When the piston is moved up, let the pressure fall to Pi and 
volume becomes F-l-v 

According to Bojde’s law, we know that the product of pressure 
and volume is constant i e Pi^i—P^z Applying this m the case, 

RF=Pi(F-1-v) 

or ■ ■■ <" 

when the piston comes down, Fj is closed and v c c of air passes up 
the piston and now the volume of air in R is again Fee but pres- 
sure IS Pi , again when the piston goes up this volume becomes F-f v 
c c and pressure falls to Pg Applying Boyle's law 

VPi = {V+V)Pn 

or 

Substituting the value of Pi from ( 1 ) we get. 
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?eZ be L'ro" wfw* ■"» -P" o““ 

tional to pressure, therSbre rf o f f ® 's/J^ctly propoz^' 

begmningLd p„ after nTtrekS , 

Po — ... > (iv) 



calculate the pressure and 
density of a gas after a given number of strokes 

n+^»i-rr 1 ^* pump : — This pump produces moder- 

j". pressure but it is more convenient to work 
speedy It is generally used for boiling a liquid 

pressure or filtering a liquid under 
reduced piessuie - > 

Consfniclion:-(Fig. 92) Water is flown in tube 
A js ia the nozzle at the other end of the tube ' TJie 
ri-> 7 .rrt^ ^ increases at jB due to its > being 

^^«be falls in another fan- 

bitr'tuhi^/^ Ti^^ Ft ^ ^ enclosed in another 

1 a tube IS also connected to the reservoir* 

of «»e foice of 

with fliA ^ntaincd in E is dragged 'along 

ynth the current jPresh air from R coraeJin E and 

ToeplIr’s'^mn’^^Th^”*"***'"'^^’^ producing good vacuum we use : 
It M shown “*^F.g?" oonstmotod by Toeplorin 1862 


Fig 92 


big glass tube connected to 
other glass tiibes B, C, E and 
^e length of B should be 
greater than barometer height 
so that in the final stage mer- 
ely from 5 may not enter A 
The length of tube C should 
also be greater than barometric 
height, so that when jR is lowei- 
ed mercury in C may not clog 
the way to F E is ti bye-pasl 
to air from Fand F to A The 
si^e of A IS laige so that 
eveiy operation larger volume 
ot air IS thrown out A is also 
connected by moans of a long 
*"bmg to .1 resbrvoif 
^ K is one way valve and F is 
the vessel to be evacuated, 


rr=^ 



'Fig 93. 
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I^Icrcurv is pul in G rml in the icsorxoir D nnd part of the tuho C 

Working: — liaise the reservoir i) alo-wlv. Morcuiy from C would 
enter in A and would move townrdsP, hut when itrcachc*! the vnlvo. 
It will he elosed due to pressure of mercurj' ^'[orcxny in A will go 
on rising ond will throw' out the nir from A nnd C through B Raise 
X>, (ill mctcurv reaches up to the top Lower D Again vacuum w’lll 
he produced m A Air from outside cannot enter from B because of 
mercury in 6’. When mcicury in F falls dow'ii, the valve will open 
duo to its own weight nnd nir from the vessel P will rush into A, F, 
and ZT After lowering the mercury up to F, raise the reservoir again 
nnd the nir from A, F and E will bo forced out through B In this 
way, utter every operation part of the nir would ho thrown out and 
pressure in P will fall. In final stage, mercury in if and C would stand 
at the atmospheric height The pressure in V can bo reduced to 
10“® mm of mercurv 

^8. Rot ar) pump : — ^Tho pump is shown in (Pig 94) It consists 
of the follow mg parts . — 

1 Cy and Cj are two metallic cylin- 
ders mounted along the axis of Cj is 
mounted eccentrically such that it presses 
against along a line is stator / e it 
remains at rest Cy is rotor / e it is rotated 
about the axis 0 The point of contact 
G moves along the circuraforonco of 
w’lth the rotation of Cy 

2 C 18 a partition plate w'hich 
keeps on pressing on Cy due to a spring 
S This partition and the point of contact 
G, divides the space between two cylinders 
into two air-tight compartments (Pi 
and Vz) 

3 I nnd O are the tw o openings by 
the side of the partition C /is connec- 
ted to the vessel to bo exhausted and is 
called inlet, O is the outlet through which air is throw-n out O 
cairies a valve in it which opens in outward direction This valve 
allow's the air to pass out but does not allow it to come back 

4 The whole thing is immersed in oil contained in a cast iron 
cylinder which also serves the purpose of a valve 

Working : — Its w'orking can be understood by referring to the 
Pig 95 a, b, c and d The vessel is connected to I Suppose G, is ]ust 
at C The whole space is in contact w’lth the vessel Pig 95(fl) Now 
C, IS rotated in anti-clockwise direction When it crosses I, the space 
between Gz and C is cut out from the space between Gz and O , as C 
moves on, tlie air in space Pjj is compiessed nnd passes through O, 
while vacuum is created in Vy and air from the vessel comes in 
Pjinally.Pig 95(c()Pj becomes veryTlarge and Fj very small Again, when 
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G crosses otjtlet and come? itt tlie po^srfion <?i, fho vrhoJc of tlje aa 
^^’lsicK "Was preseat between tke two eylm'Ior? jbas bed'll , tUfo^ 

oat and fresh amoant of rrr from 
vessel again SIls the sarae, 
Again, ta Kecond rotation tlnsamooal 
of atr is tbrao-n oat. 

In this vrav. after atiamlberol 
rotations, high \scu»rm created it: 
the \esseL The pressure can hs 
reduced to i0~® mm ofmercarj, 

I 9, Siphon: — ^Whea it is diin- 
ctili to transfer liquid from one ves^l 
to another wc can i.se a device Imowu 
a*: siphon, - ' 

Constircctionand warhing:— It is 
a tube bent ttnee st right angles ot 
once at a nr angle as shown in 
Fig 06 Arm CE is longeribnnAB. 
- T.. x/> - should be less than harometne 

ne'-gnL. ^ is a ve~sel containing the I'qmd and it is to be transfcrrel 
<lO 2 . X should be slightly at higher level than II Fill up the tube by 



suchmg in fte liquid and then place it as shown in the Bgare. 
Liquid will Sow feam X to F, 

tue iiaght of the tube above liquid levels in AB 

and £C be /.q aad /*». 

L^t the atmospheric pressure acting on the liquid surfaces he 
H aaa let the presmre at S and C be Fs and Fc. Since. presstsTe on 
fee hqxud surSice in X is H, the p."e55are at B is le^'than //by 

. P^^B-hjdg 

SimSsrly , Pc=^}i~-Iud 

, Therefore, Fs -Fc^tfu- a. g. 




Fig- 55. 
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JJocaU't', //, H ptonfer ihnu A(, Ai niU ho grcnicr timii /*o . Tiicrcfoio, 
liquid wdl lloA\ from B to C And duo (o nlmosphciic picssuio, 
liquid from A' will ri*?© in the lube ylB In (his wiy, liquid will go on 
flowing 

If, /q IS greater than haromotuo height, iKimd will not rise up 
lo B .iiul the Ilow will stop If, /q is gieatei than /q, Pu</*o and 
liquid w’di not flow fiom B to C. 

§10. Siphon is nlso used in nutonnitic flush system:— When 
water m the \esscl rises up to the loscl of BC tlio whole of the tube 
IS filled w’lth wafer. As explained nbo\o water fiom the vessel 




begins to run down till the whole of it is emptied Again |it will 
start filling up from the tap (See Fig 97) 


§ II. Importance of vacuum iiwndustry:— Production of vacuum 
is of gloat importance in these days Many of the discoveries 
and progress in science has been possible only an account of our 
capacity to produce high vacuum The discovery of election and 
other pai tides of the atom is directly related with discharge of 
electricity through gases at low pressure Many of the most important 
things of our day are wireless telegraphy, telephonj'-, radio, and many 
other such electronic devices These have been possible only on 
account of highly evacuated valves Everj^body is familiar with 
the chain used for stopping the railway trains This is possible on 
account of vacuum brakes (See Fig 98) 
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Vacaran Brake : — [See Fig 98) This is an arrangement by ' 
winch brakes can be applied to every wheel of a railway- train Eacli , 
carnage is provided with iron pipe called the train jpipc joined 
together by flexible and air-tight couplings A brake cylinder fitted 
with a piston is provided under every wheel and this is connected to 
tram pipe The piston rod is connected bj* niems of a system of 
levers to the brake shoes Between the inner wall of the brake 
CA'hnder and the outer wall of the piston there is a lound rubber 
ring which forms an air-tight joint when piston moves up and down - 
There is also a baU valve beneath the rubber ring fitted to the wall 
of the piston This valve permits air above the piston to be removed 
but prevents air from entering the space above the piston. So far 
as vacuum is maintained in the tram pipe brakes are off but when 
vacuum is destroyed air rushes m and the piston moves up and 
brakes are applied 


QUESTIONS 

1 WTiat IS the pnnciple of a pump ’ Describe the construction and work- 
ing of a lift pump Whs can’t it raise water above 3-1 ft 'V^^ich pump is used 
for this purpose ’ Explain its working. {S^ec 1 2A and 2B) 

2 What IS a vacuum pump ? Deduce a formula for the \ncuum produced 
after a few strokes. {See § 4). 

3 Describe the construction and workingofaToepler pump (See $7). 

4 Describe the construction and working of high Vacuum Rotatorj pump. 
{See § S) 

3 Desenbe the pnnaple and w oiking of siphon {See § 9). 

6 Describe the working of automatic flush siphon {See | 10). 

7. Discuss the importance of tacuum in industry. {See S 10) 



*» f< itt* f nj>tih»4 tm n 1-oih tjJlu'r >( Jiin\ 

‘f' H uli-'V ujSljtMj! <m r)tu4< Irt'ltttnn tho nioltM iihr 
t»r ?1 < ^ •vtI*. ttjj'ujj »j\« } hut •! chnnj^r n\n\ t«Kf phcp ht'tufcii 
jt* } »**•- It ui’ty mnijifv. III hni^tji, or in \olinm* or i( 

»r. (iiii.}* I*' •-hri|>i- In i.urli \\r •< i\ flint the hoilv is 

<hi«*iji »<5 or tt< <-oiil4ur it.oij is than}'! d nr it is ktrniiud. Those 
luihtt Mhtrh >i<> nut iiixlt r^'o thfi Kind Ilf rhiiiRo, whnttNcr nin\ he 
the T'O-p d. nte Kijouii fis ttpd bodies As soon ns the rolaf ne 
disji’i (mint liKi j'lrup. new fortts nre j-tt n|>hi’tutfn\nriousi)fini- 
< h s V hieh ojjj^oM or resist the deforinnlion Thev net in oppohitc 
tint It 11*11 toeMeran! fone when the external foree Hremo\ed,thc body 
Will pant Its oripiml form or eonJipurntion on noconnt of Ihei^e infcr- 
iml forctfs, Tlu-se force* tnn^ nl«o be ralloel ns forces of restitution 


C2 riasilclty ; — 7 /n* pr^crtyjrn acc ount o f wh ich hojlia 
rcf;oin tlinr onyinal .\fiofc or size~\\ffcti tUeHtformutg forces 
arc nnwicd known as clasticit}. " ^ " ' — 

Stress: — The forccj>f reaction per-wnt area of cross-scc- 
tton o\er nluch it act’s is known ai stress. In the absence of 
nin e\ternnl force, the force of reaction is zero As the exter- 
nal fonc Is applied, the force, of icaction begins to incicnso 
With the dcfonnntion and in ccjuilibiiuin it is equal to the 
extcrnnl force. Tin reforc, wticss is also equal to the external 
force pel unit aicn acting on the body If the cxtcinal force 
IS r and area is> A, stress is equal to TjA dynes per sq cm 

Strain: — On account of the external foiccs, a bodjf niay^ 
change citbci in length or in volume or in shape The change 
in dimension compared with .oitgjnaLdimcnsion is known as 
strain. T’or example, if, a wno ol L cm increases in length by 
/ cm , strain is IjL Tins stiain is known as Imcai strain See 
Fig 91) If a solid, liquid orgnsof volume K changes m volume 

V 

b3' V the strain IS -jp- This is knowm as bulk strain. If a cube - 


I* *'*1 

>1 


or anj'body is twisted by an angle 6, the strain is 0 and known 
as shear strain iStrain is more ratio and as such has got no 
unit 


* 

Me 

Fig 99. 
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§3. Elastic limit and elastic fatigoe:— It is observ'ed that when 
the dooming forces are small, the body regains its form completely ; 
that is it IS perfeeth'’ clastic. j5w/ g'O on mcreasmg the foTce ojiet 
certain lumt the body will not regain us original form, we say that^ the 
body IS permanently stretched Tins limit is known as, clastic limit-- 
If, ive stdl go on increasing the load, after a certain limit it increases 
infinitelj^ i.e , it breaks This is known as yield point 

Sometimes, it is observed that bodies do not regain their original 
form instantaneously but after some time This is known as clastic fatigue. 

§4. Hooke’s Law: — After performing a numbei of experiments, 
Hooke concluded that ’within elastic limit stress is proportional to 
strain' 


1 e Stress a Strain 

Stress=£. strain 

(constant) 

This constant E is known as modulus of elasticity 

If strain=l, E=Stress, therefore, Modulus of elasticity is 
numerically equal tcthe stress uhich will produce unit 'strain in the 
body Its unit is the same as that of stress i e dynes per sq cm or 
poundals per sq foot , 

^ §5. Different kinds of Modulil— Bulk modulus or Yolnme 
dasticity : — (Eig 100). Whenever a bod}' changes in volume without 

any change m aliape, the modulus 
of elasticity is ' known as Bulk 
modulus and is denoted by K. 
Suppose, the imtial volume of a 
body IB F c c. and the change m 
volume IS V c o ; let the pressure 
applied be P. 



Then, strain = 


v 

~'¥ 


Stress =P/j4=j;i dynes per, 
square cm. ' , , 


> 


K-- 




strain 


V 

T 


per sq. cm. 


Young’s Modulus: — ^Wheu the strain is hnear, the constant Bis 
known as Young's modulus and is denoted by Y Consider along wire 
AB of length L.cm When a force Mg is applied on it,- it increases in' 
length by BC=l cnu Therefore, we have,’ (Bee Big 100) 

Stressss-^^ynes persq cm. 
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Strain—-^ 

y_ Strain _ Mg ^ L 

Stress A / co-f^ 

If >4=1, L=/, Y=Mg. Here A denotes cross-section 
Therefore, Young’s modulus ts numerically equal to that force 
winch will double the length of a wiie of unit cioss-section 


Modulus of rigidity: — Considei a 
cube ABEF When a force T is applied 
tangentially on the top EFGH, the cube 
will be defotnied as shown in Fig 101 
In this case. 

Stress =T'/>4 
Strain=fl 

T 1 

Modulus of rigidity «=-— X-jj- 



Fig 101 

§6. To Measure Young’s modulus. — In order to measiiic Y we 
use Searle's apparatus as shown in Fig 102 (For grealcr details see 
V- , « . author’s Practical Physics) 

A and B are tivo identical long 
wires supported from a common support 
^ One wire is a experimental wire iihile the 

J T oMier IS reference wire to,, eliminate tha 

I I ejffect of temperature and y^ding" of 

I A 13 support,. Two rectanguiai steel fiamesare 

1 suspended at the lower ends of the wires 

« ^ One frame carries a fixed load and 

^ another a hanger on which weights can 

M placed LL is the spirit level One 

ra fixed m one frame while the 

L SSl^ S * ^ '.1 —1 other end lests on a micrometer sciews 

which can be raised or loweied bj'^ 
^ ’is moving the screw and this displacement 

^ ^ scale 

^ Working ; — ^Place I kilogram weight 

hanger and adjust the screw so 
bubble is in the middle Note 
the reading (rj) of the screw Inciease 
weight by 1 k gram The wire w'lll 
increase m length , this end of the spiiit 
level -will go dow'n , so again move the 
vf.vf'** {I screw' up till the bubble is again in the 

P JQ2 middle Note the reading (ro) again The 

® difference of the readings rj and rj gives 

the increase m length for 1 k gram In this way, goon inci easing 
the w’eights bj' 1 k gram every time to 5 or 6 k gm wts and again 








iF 


Fig 102 
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reduce the weights one by one and again note the readings " Find 
the mean of the two readings corresponding to the same load From 
this, find the extension for 2 k gram or 3 k gram wt by subtracting 
1st from 3rd , 2nd from 4th or 1st from 4th , 2nd from 6th ; 3rd from 
6th readings and likewise 

Find mean extension for 2 or 3 k grams etc. Find out the' 
diameter of the wire at 10 or 12 dufferent places by a screw gauge 
Also, find out its original length L Calculate Young's modulus by 
the following formula 

(where il/=2,000 or 3,000 gms , r 


is mean radius of the wire) 


the 



§'^* To measure Y by using a vernier : — This is another form of 
apparatus (Fig 103) A and 5are two long wires supported >from 
the same support. A carries a rectangular metallic, bar at 
its lower end A fixed load is suspended to keep the wire " 
straight from the bar Mam scale 5 is graduated on the 
bai A vernier scale V is attached to the lower end of 
the wire B Vernier carries a hanger on which k gram 
V eights can be placed 





Working : — Place 1 k gram wt on the hanger and 
take the vernier reading Go on increasing the wU bj’' 

1 k gram and every time take vernier leading " ReStiof < 
the method is the same 

§8. To verify Hooke’s Law : — From the above obser- - 
vations, find the extension for 1 k gram, 2 k grams, 3 k' 
grams etc by substracting 1st reading respectively from ’ 
2nd, 3id, 4th reading. Diaw a graph between^ this ex- 
tension and load It w ill come out to be a straight line 
It shows that extension is propoitional to tension, which 
IS Hooke's law (Fig 104) ' ' , 

® Numerical problems: — 1 A stress of 1 k. gtom per 
sq millimetre is applied to a whe of winch the Yoiinfs < 
modulus IS 10^^ dynes per sq cm. Find the percentage 
increase length. 


Fig 103. 


lx 1000X980 dynes 
A—1 sq mm =*01 sq cm ' 

I.=100 cm. r^io*® 

To find/? 

' L lx 1000^980 100 

g-j- X7-* 

1000X980X100' ' 

OlXlO^®'" 
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Percentage increase =0098%, Because £,= 100 


Y 



Fig. 104. 

2 A wire of a- 4 cm diameter is loaded with 25 k. giam wt If 
length of 100 ems is found to be extended to 102 ems Calculate the 
Young's modulus of the matei lal 

y_MgL 

Here M=25Xl000 grams, g=980 dynes per sq ems £==100 
oms , /=102--100=2cm , /=0 2 cma Then, 

^_25x 1000X980X100 
3 14x2x2x2" 

_ 25X98X10’® 

314X8 

Calculations: — 

log 26 = 1 3979 log 3 14= 2 4969 

log 98=1 9912 log 8 = 9030 = 9754x10’° 

3 3891 3 3999 =9 75 X 10° dynes per sq cm 

3 3999 

1 ^92 

Anti log 1 9892=0 9764 

QUESTIONS 

1 Define elasticity, stress, strain and modulus of elasticity {See § 2} 

2 State Hooke’s law How will you verify it expenmentally ’ {See § 4 
and § 8) 

3 Define Young’s modulus Give its experimental determination {See § 5 
and § 6) 

Numerical Questions — 

1 A wire of 0 4 cm diameter is loaded with 25 k gram wt a length of 50 
ems IS found to be extended to 51 ems calculate Young’ modulus of wire 

[Ans 9 744x 10® dynes per sq cm ] 

2 What force is required to stretch a steel wire of 1 sq cm cross-section to 
double Its length Y=2x 10^® dynes per sq cm [Ans 2X 10^2 dynes joer sq cm] 
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73 An iron wire of diameter 0 4 mm is heated uniformly to 300®C and tightly 
damped at ends while hot Find the pull exerted on the damps when lUhas cooled 
to 20" C [a for iron= 1 X I0~5 per degree C and 7=1 1 X 10^^ dynes per sq cm 

[Ans 3 872x 10® dynes] 

4 A spherical ball contracts in volume by 0 01% when subject to a normal 
uniform pressure of 100 atmosphere Calculate the bulk' modulus K 

[Ans 1013x1012 dynes per sq era] 

5 A stress of 2 /c gram per sq milhmetrc is applied to wire of 'which the 

>=-1011 find the percentage increase m the length > [Ans 0 0196%] 

^ An iron wire of diameter 0 4 mm is heated uniformly to 330 C and 
rigidly clarified at i^s ends while hot Find the pull exerted on the damps when 
It has cooled to 200® C [a=10~® per® C, 7=1 1 x lO^® dynes per sq cm ] 

Ans 389*7x101 dynes] 



Section II 
HEAT 




CHAPTER I 

HEAT AND TEMPERATURE 

Meaning of Heat: — When we feel extreme cold in winter 
either we stand in the sun or before fire By doing so we feel 
warmer We say that we are receiving heat from sun or the fire 
What IS heat? It is not so easy to answer this question Epr- 
merl3’- it was supposed to he a kind of fluid known as calorific fluid 
which flows in our body from the sun or the fire If we gam that 
liquid we feel warmer and if we lose it we feel cooler Later on this 
theory was given up 

We know that when we rub our hands heat is produced 
similarly when we run or do some exercise, heat is produced In 
doing all these acts, we do some amount of woik and spend energj'- 
Therefore, we conclude that heat is a kind of energy Energy of 
what? Every substance is made of molecules Everj’- molecule 
vibrates about its mean position with all possible velocities The 
energj' which is possessed b3’’ the body on accont of the motion of 
the molecules is known as heat energ3’' If the motion increases heat 
increases If the motion decreases heat decreases If the molecules 
stop all motion heat energy will be zero You will read later on 
about this kinetic theory of heat For the time being we consider 
heat as a kind of energy which is related with the molecular motion 
of the body 

§ 2 . Temperature: — Whenever we sit on an iron chair on a 
summer da3'’ we feel it hot because we receive heat from the chair 
When we touch a piece of J^-ice it appears cold because heat flows 
from our hand to ice This hotness or coldness of a body is khown 
a temperature It is that propert3’’ which governs the flow of heat 
Heat will always flow from higher temperature to lower temperature 
In the above example, the temperature of chair is higher than that 
of our bodv whole the temperature of ice is lower Temperature of 
a bod3’^ depends upon the quantity of heat contained in it As a bodv 
gains heat its temperature increases 

§ 3 . Difference between heat and temperature ; — The amount of 
a particular kind of energy is known as heat energ3’’ while the state 
of that energy is given bv temperature The difference can be 
readil3’- understood 63’’ taking a hydrostatic analogi'- Suppose there 
are two vessels containing water They arc placed in such a wai* 
that level of water in one is low’er than in another If we connect 
B these two vessels by means of a tube water will flow from the 
second to the first vessel and will continue to flow till ihe levels 
become equal This direction of flow docs not depend upon fho 
amount of w’ater contained in the vessels Even if w ater m second 
18 less than in the first vessel it will flow from second to first 
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Thus wc conclude that water flotvs from higher level to lower 
level In the same waj', if we take a copper vessel containing some 
amount of water and put m it a piece of metal at higher tempera- 
ture mecal piece will lose heat and water ■nil! gain heat and this 
flow Will continue till the temperature hecomes equal In this case 
amount of heat corresponds to the amount of water in the vessel 
and temperature corresponds to level As in the ease of flow of 
liquids the flow of heal is independent upon the quantity of^ heat 
contained in a body but it only depends upon temperature A borly at 
higher temperature will give heat to a body at lower temperature 
oven though the amount of heat in it maj he much less than the 
amount of heat in the receiver 

Just as m the above example the same amount of water can he 
placed at different levels in the same way certain amount of heat 
energj^ may be present at diiferent temperatures 

§4. Sources of Heat: — In fact, the Sun is a vast source of 
heat for us Wood, coal, or other things formed on account of Sun's 
heat also give out heat when they arc burnt The following are the 
different sources of heat — 

(i) Son: — The Sun is the greatest source of heat Some kinds 
nuclear reactions are taking place inside the Sun which produce this 
amount of heat ‘ 

1 

(w) Cbemical reactions When we bum coal, wood or 
kerosene, heat is produced In the process of burning these things 
combme with oxygen and a chemical action takes place " ' 

(hi) Mechanical — Whenever we rub two things heat is pro- 
duced You must have seen people produemg fire by a piece of steel 
and white stone 

(ir) Electricitj’’: — T^Tien current passes in wiies they are heated 
up, like our heaters, electric irons etc- 

(v) Change of state : — When steam condenses it gives out 

heat 

|5. Effects of heat; — ^The following arc the effects of heat : — • r 

(a) Rise in temperature 

(b) Expansion in length, area or volume 

- (c) Cliange of state 

{d) Chemical change 

(c) Physical change 


QUESTIONS 

1 . Define temperature and distinguish it from heat {See §1, 2, and 3). 
2 State the Sources of beat {See §4) 

3. Wi'bat are the effects of heat ’ {See §5) 
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§ 1 . Temperature : — We have discussed in the previous chapter 
■' the meaning of temperature and its distinction fiom heat As the 
amount of heat increases m a body its temperature will also mcreasc 
The flow of heat from one body to another will also depend upon 
temperature The measurement of temperature is most important 
m scientific studies 

Ordinarily we can form some idea about the temperature of a 
body by merely touching it We can also feel that its temperature 
IS increasing Similarl}'^ we can roughty say that temperature of one 
IS higher than that of another But this preception b}’^ the sense of 
touch IS neither always accurate as will be seen fiom the followmg 
experiment nor it is sensitive enough to note small differences of 
temperature 

§ 2 . Temperature and sense of touch ; — Take thiee beakers 
Put cold water in one, tepid v ater m another and hot water in third 
Put one of your hands in cold water and the othei m hot water 
After a while put both of your hands in tepid \\ ater To the first 
hand the water will appear hotter while to the second it w ill appear 
to be cold This clearly proves that the inference about the 
temperature by the sense of touch may be misleading It often 
depends upon the previous condition i e the temperatuic of hand 

Again on a summer day touch an iron chair and a Avooden 
one The foimcr will appear to be more hot than the latter though 
both of them are at the same temperature The reason of this 
apparent difference is that iron being a good conductor gi\es out 
heat readily vhile -nood docs not 

These two expeiimcnls prove couclusnely that the measure- 
ment of tempcratuie by the sense of touch is erroneous Again 
VC cannot exactly sa3' that the temperature of one Lod3 is how 
many times more than that of another 

§ 3 . Temperature and its measurement : — We must devise such 
an instillment for mcasiiiing temperature which ma3 bo fiec from 
above defects These instiuments aic known as thermometers Wo 
have seen that when things are heated their tcmpciatiiic also rises 
and along with it ccitain other changes also take place in them, for 
example, lhc3" increase in %oliimo This inrica''e in ^ol^llne iliiectli 
depends upon the use in temperature can, thcicfuie, iitihtc this 
propcrt3' of expansion for the measurement of fenii->ciaturc loiter 
on 3 ou "will read about some other changes cuiused b3 the tomiH'ra- 
ture which arc also used for the measurcmtnt of temperature The 
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instrument which is used foi measuring tempcnituio is hnown^as 
thermometer. ' , ' 

§4. Mercury thermometers : — We shall read later on' how 
liquids expand when heated Gases expand more and solids eren 
less than liquids Therefore we generally use liquids and gases In 
hquids also we make use of mercury for the construction of 
thermometer 



Construction : — Take a capiilar}^ tube of fine and unifoim bore 
as shown m Pig 1 Put some meicur3Mii the funnel K and^ gently 
heat the bulb The air inside the bulb mil be- 
heated up and will expand. »Some of it will pass 
out Again cool the bulb Vacuum will be 
created due to contraction of air On account of 
atmospheric pressure, some mercury will enter the 
tube In this uaj' hi’' alternate heating and 
cooling fill the tube completely' with merourj’ 
Now place the bulb of the tube in a hquid whose 
boiling point is higher than the temperature up to 
which we uant to use that thermometeh Heat 
the hquid till it begins to boil, after some time 
beat the tube, just below the funnel AVith a burner, 
and then pull out the funnel till it is sepaiated 
from the tube at the same time the tube will' also^ 
be closed Then allow the tube to lest for a 
number of days so that it returns to ats" normal 
form ’ " “ . 

Selection of a scale: — Before we actually 
graduate the thermometer w;e must select 'a 
proper unit for measuring temperature Just as 
for measuring length and mass we baam different 
kinds of systems of unit in the same way w e have 
different scales for temperature also 

Before we decide a scale u e select two fixed 
standard temperatures One is the melting point of ice and anothcE 
is the boiling point of water. We mark these points ,on the 


Fig 1. 


thermometer 


Lower fixed point : — Place ,the thermometer bulb in a 'funnel 
and cover it with ice as shown in Pig. 2 When the mercqiy 
becomes steady at some lower level, put a mark M on it This will 
be called the lower fixed pomt i e, melting pomt of ice - ' 


Upper fixed point: — Por marking. this point place the thermo- 
meter inside the liypsometer as shovn in Pig -3 Generally* some 
impurities are always pi;esont in water due to which its boiling point 
will be more but if we put the bulb in the steam .produced 
temperature will be the same ■'This apparatus is speciallj^ suitable 
for this purpose The thei mometer is completely surrounded by steam 
On boiling the water for some time, mercury m the tube will use 
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high and 11111 hccoine steady at a cciiain iiomi. Maik this point. This 
IS denoted hy S’ and is the uppei fixed point 




To graduate tl.c tube according to different scales : — Generally 
ve have three hinds o£ scales on thermometers (i) Centigrade 
(n) Fahrenheit, (i/i) Reaumur 

(i) Centigrade scale: — This scale was selected by Selcious On 
this scale the melting point of ice is taken as zero and the boiling 
point of water as 100 The interval between these two points is 
divided into 100 equal iiarts each part is known as 1 degree centi- 
grade Each degree can further be sub-divided into 6 or 2 or 1 
degree Giaduation aie maihcd below 0" also -which indicate nega- 
tive temporaiuics i e tcmpciaturcs lower than O^O Similarly 
giaduations arc marked above 100°O Gciicrallj’- thermometers 
leading up to 110“ or 350“ are constructed This scale is generally 
used all over and in scientific mcasuiemeiits 

(ii) Fahrenheit : — This was selected by Falucnhcit in 1714 In 
those days tcmpciaturcs low'ei than the melting point of ice could be 
produced by puting salt in ice These temperatures are taken as 
negative on ccntigiadc seale He wanted to select some tcmpeiature 
as the lower point so that these tempeiaturcs may become positive 
According to this scheme he took 32 foi the melting point of ice and 
212 for the boiling point of water The interval is divided into 180 
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equal parts. Each part is known as degrees Fahrenheit (®F). This 
scale IS generally used in United Kingdom This is also used iu’ 
Doctor’s thermometer (clinical thermometer)' 

Our government has decided to use only ccnligi ado scale 

(c) Reaumur : — This was selected by Reaumur Tins is used in , 
a few countries in Europe On this scale the melting point of icc is 
taken as zero and the boding point of water as 80 The interval is, 
divided into 80 equal parts Each part is know n as degrees Reaumer 
C’R) 

A few specifications of the thermometer : — (i) The bore of the 
capillary tube should be uniform * 

(«) The bore should be as fine as possible so that thermometer 
wdl be more sensitive i e it w'dl be able to read smaller differences 
of temperature 

(m) The bulb should be larger so that it will contain greater 
amount of mercury Avhich will make the thermometer moi e sensitive, 

(iv) The bulb should be surrounded bj’’ their w'alls while that 
of the capillary tube should be qmte thick 

^ K 

§5. Errors of the mercury thermometer :—(z) 'When glass is 
subjected to heating or cooling it takes several days to come to its 
normal condition and as such its graduation becomes feultj'' 

(») Whde marking the upper fixed point, if the pressure is 
lower than 76 ems , the boihng point wdl not be lOO^C Geneially it 
IS found that a fall of l^O takes place when pressure falls by 26 8 
mm of mercury 

(ill) On account of larger size of the bulb, it takes sufficient 
time to take the temperature of the bath and, therefore, it is not 
suitable for measuring ohangmg temperatures 

(iv) Whde noting the temperature of anybody most of the^ 
thermometer tube is outside the given body and that part of the 
tube 18 at lower temperature than that of the bodj*^ and hence there 
will be less expansion of the mercury column This ^is knowh‘'ii5 
exposed stem correction, 

(v) We cannot find out the temperature at any point w'lth the , 

help of this thermometer , 

(vi) If we place a thermometer m melting ice or boding water it 
wdl not exactly read 0® or 100*0. This error is knowrn as shifting of 
0 or 100 pomt 

§6. Why mercury is used as a fhermometric substance 
On account of the followmg quantities mercuiy is used in thermo- 
meteri . — „ ' ' 

, (i) It 18 a good conductor of heat and, theiefore, takes up the 
temperature of the body ver 3 >' 'soon 
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(//) T( tan lio cR'-ilv obtained in pure form 

{in) Itb ONpaiibion IS mnfonn i e it Mill incrcnso by Uio same 
ainonnt Mhen healed bv TO whatever may be the initial temperature 

(n) Tins does not slick to the sides of the tube 

(v) Because il is opaque its position can be read conveniently' 

(v;) The frcc?!np point of mercury is 1.39“C and its boiling point 
IS and therefore mcrcurv thermometers can be used from-39°C 

to .3,'56“C and bv putting a little air in the tube to still higher tem- 
perature (up to .lOO'O) 

§ 7. Relation bcluccn various scales of temperature All the 
thermometers uith piopei graduations are shoMii in Fig 4 As 
explained above the iiifen al bet- 
Meen melting point of icc and 
boiling point of water is divjdcd 
into lOO^C, ISO^F and SO^R 
Theiefore we get 

100°C=180“F=S0‘’R 

Dividing this equation hy’ 

20 w e get 

5“D=0°F=4“R . .(i) 

This equation will enable us to 
compare the various scales. It 
may' be slightly' put in different 
form to make it convenient for 
use 

Suppose when all the thermo- 
meters are placed in a bath the 
mercury stands at X in each 
Let the reading of each be as C, 

Fand R Let M and S be the lower 
and uppei fixed points in each 
case Then the ratio of MX to 
MS will be same in each case 
Because the lower pomt m Pig 4 

Fahrenheit therm ometei starts 
from 32 No of degrees in MX is F— 32, 

C F-32 R 
100 ~ 180 ~ 80 



C F-32 R 
6 “ 9 “ 4 


... (I/) 


with the help of equation (n) w-e can convert any given temperature 
into its corresponding temperature in another scale 

Numerical Problems;— 1. Wiich is that temperature wftic/i 
reads same on two scales ? 
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Lef fliat temperature lie X°. SnTistitating this X in cquatioa ^ 
(«} T?e get 

X X-32 
5 ~ 9 * 

From first relation, get 

9A=5X— 160 

or 4A=— 160 

A= -40 


Tliereqtared temperatnre is —40®. 

2. A patients temperature is 1Q^\ In nJiat scale is this tempera- 
ture denoted and Mhat vrill be its \altte in other scale? 

Th^e temperatnres are recorded in Fahrenheit scala I^efe-Che'' 
the corresponding reading in centigrade scale 

C* F-32 
5 ~ 9 

or S _!2frl2 

5 9 

or 

o 9 
C=40®. 

3 TIte highest temperature of Jacobabad is 122^F. JSovr much 
it t%iU read in centigrade scale, ' 

Let the reading in centigrade scale be ‘'C. ' 

C 122—32 C 90 


C=50®. 


1 8. Other thennoiaeters — {a) Alcohol thermometer; — As ‘ex- 
plained above ire cannot nse mercuev thermometer lelow — SO'tl 
In such cases vre nse alcohol in place of merenrv in the thermometer. 
The &eezing point of alcohol is about — llSX vrhile the boiling, 
point is much Jovrer about 70^C. Therefore alcohol thermometers are 
used in losrer range. Its construction is similar to xnercurv ihecxn’O- 
meteK. But thev have certain disadvantages . (i) They cannot he 

used lor higher temperatures, («} Since the espansioii of alcohol is 
noa-unifonn, its leadmgo are not accurate. , 

Chnlcal thermometer ; — ^^BoctoFs thermometer). This thermo- 
meter is grrdnated m Fehrenheit scale from 95®F to 1I0®F. Because . 

the temperature ot 
hrman body vari^ 
fcetTrcea this Ixlir- 
Therc is , a small 
bend, at A, IVheU' 
the luih fe pis<»d io 
the mouth or bcfloir the atm of the patient mercurj- isspands and • 
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rises thioii^li A After a minute or so it. is removed and rending is 
taken This gives the Icmpcrnture of the body. On account of the 
bend A mercury from the tube cannot go back to bulb cnsily 
and thercfoio it will gi\c tlic same reading even after a long 
tune When it is gi\cn a jerk mercury will come down and it enn 
bo used again Tins should not he placed m boilinguater 

The normal tompornture of human body is 08 It increases 
duo to fever and falls down in weakness 

(c) Si\e’s Maximum and minimum thermometers ; — You must 
have seen the columiH of maximum and minimum temperatures 
recorded at vaiious places <luring the last 
twentv-four hours 'Fhey ai c iccotdcd with the 
helpof maximum and iniiiiinum thermometers 
The theimometer IS shown 111 Fig 6 Bulb J? 
and part of the bulb A is filled with alcohol 
These tw'o columns of alcohol are separated 
by a mercury column and arc two iron 
springs (index) jilaccd inside the tubes They 
are such that alcohol can pass by their sides 
•without moving them but mercury cannot 
When mercury pushes them thex' xvill move 
forw’ard A scale is graduated on ED and 
CF in opposite direction 

Working ; — Bring the tw o index marks 
m contact xvith morcuiy w'lth the help of a 
magnet Then leaire the thermometer Sup- 
pose now tomperatuie increases, alcohol in B 
xvill expand It will pass by the side of 
and press the mercury column Mercury 
column in CF will rise As the mercury 
rises it pushes the index in upward direc- 
tion When the temperature begins to fall 
alcohol m B wall contract, mercury in tube 
CF will fall but the index will be left behind 
at the highest point When mercur}'' m DE Fig 6 

rises index will go up Again when temperature begins to rise, 
mercury in ED w’lll come down and xvill be left behind at the 
lowest temperature reached Then after 24 hours we take the read- 
; mgs of and and again set them In this way xve can note the 

} maximum and minimum temperatures reached during past 24 hours 

QUESTIONS 

1 What IS a thermometer ? Why it is necessary 7 Describe the construction 
of mercury thermometer {See § 1 to 4) 

2 What are the advantages and disadvantages of mercury thermometers 7 
{See § 4, 5 and 6) 

3 State the different scales of thermometer and establish the relation bet- 
ween them ( See §4 and § 7) 

4 Describe the clinical and Sixe's thermometer. {See § 8) 

5 Why alcohol is suitable for thermometers ? {See § 8} 
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§1 Introduction : — We have read about, the diflcrenco botucon ^ 
heat and temperature in chapter I We have also read how to 
measure tempeiature Now uc shall steady the measurement 
of heat 

^2. Unit of heat : — For measuring any quantity we should 
select a proper unit As we have already said heat is a land of 
energj' and therefore it can he measured m teims of units of energy. 
The unit of encigv is ergs or foot-pounds But it would he more 
convenient if u e select another arbitrary unit for measuring heat 
This unit is known as caloi'ie 

Caloric It is defined as the amount of heat required to raise 
the temperaiwe of 1 gram oj water by PC prefcrahl}' between 
s 14 S^'to 15 

British Tliermal Unit (B. Th U.) : — It is the amount of heat 
required to raise the temperature of 1 pound of ^\ater by PF 

Centigrade Heat Unit (C H.U.) : — It is the amotmt of heat 
required to laise the temperature of one pound of water through PC, ^ 

Relation betueen B. Tli. U. and calorie:— 

1 lb of water— 453 6 grams of water and PF—pC 
I B Th U =453 6x §=252 calories 

§3. Specific heat: — ^It is found that amount of heat required 
by a body depends upon the mass of the body and the rise m 
temperature If H be the amount of heat required by m grams of 
a substance to raise its temperature by we have,’' 

Hvmt 

or H=Smt 


where 5 is a constant which depends upon the nature of the 
substance, and is known as specific heat Ifw=l, t—1, H=S, 
specific heat is therefore defined as the amount of heat required by 1 
gram of the substance to raise its temperature by PC 

Specific heat can also be defined as, 

, Heat required by m grams of the substance to raise 

Sp heat=.= its t emp by PG 

Heat requiied hy m grams of water to raise the 

temp by l^C 

mxHeat required by 1 gram of substance to raise 

the temp bvI°C~~ ' - 

OTX Heat required by 1 g^am of wafer to raise the 

tomp. by 1®0 . ' ' ' “ 
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Jlont rcquncd bv 1 ginm of llio subbtnncc to iniso 
_ _ its temp I1 3" 1°C 

llpat icquircd bv 1 ginm of vatci to raise its temp 

i)v rc 

=lTont roquncd 1»y 1 gram of the substance to raise 
its tcmpciaturc bv 1®C because accoiding to definition of calorie, 
lieat required liv 1 gram of water is 1 caloric 

^4. Tlicriiial cnpnci(> : — It is defined ns the amount of heat 
required by the 11 hole body to raise its temperature by 1°C Thus if 
m grain is the mass of llic bodv, 1“C is tlic rise 111 temperature, and S 
IS its specific heat 

Thcimnl capaoitv— w v 1 = ms caloiics 
*. TTeat. leqiiircd to raise the tcmpciature of the bodj' bj'^ 
/°C=Thcnnal capacilvy rise in temp 

The mass of a cnlorimctei is 2,')6 grams Its specific heat is 
1 Find its thcinial capacilv 

Tliermal capacitV'=2.')r)X l=2r> 0 

§S. Principle of method of mixture: — When two bodies nt 
different temperatures are mixed up, heat will flow from the body 
at higher temiicraturc to the body at lower temperature This flow 
of heat will continue till the tompciaturcs aie equal This common 
tcmpeiaturo is known as final tompcrntuio Since heat is a form of 
cnergv and wo know' that energy is never dcstioyed theiefore in the 
above example, heat lost bj' one body must be equal to heat gamed 
by another boclj' provided no heat is lost by radiation or through 
any other source 

Thus we conclude that in the case of mixtuie. 

Heal lost=Heat gamed 

^6. Calorimeter and water equivalent* — In the experiments on 
heat measurements we gcneralh’^ use a copper vessel which is 
cj’hndncal in form {see Fig 7) This 
vessel IS placed in a wooden box 
and some non-conducting substance 
like asbestos 01 glass w'ool is 
placed between the box and the 
vessel A copper stirrer is ilso 
provided in it with an insulating 
handle A lid covers this vessel 
There are two holes in the lid 
through w'hich a thermometer and 
the stirroi passes This vessel is 
know n as calorimeter In performing 
experiments calorimeter w'lll also 
lose or gam heat If mass of the 
calorimeter is /iij and its specific heat 
Ji, it will take Wi $1 calories of heat 
when its temperature rises by I**©. 



Fig 7. 
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Uo i{ rr'jmrttl - HIU' nsx (7r»— 25) 

,UO OS' 50 
“ 1,210 c\U*tK*“' 

2. A ciJhrifurfcr owtat/n rOO fjnimf of water at iS'C When 
fiO frant^ of water at HH) C tx ihoppul in it, the temperature nxes to 
SO'C ImJ the water eqimalent oj lahrimeter. 

Ia‘ 1 tl'f wMvt oJjuhnlfnt of rnlornnctor ho If'^grnin 
HcAt If"'! 1>y hot wntorstCO (100--ri0)=- 00x70 
llcrtt gAioo'! hv <ohl n«t1 ralonincfci 

~-{200-s* »') (30 - 15) =- (201) f (1015 
Heal paiowl - Hont lo^t 

(200^. IC) 15~r,0 ^ 70 
(200 4 - »')^. I -v 70 

(('=230-200 
=30 prAm*? 

58. To find the specific heat of a solid hj Rcgnatil(*s method : — 
(5ee A Text Hook of Practjcnl Phjsics hv authors) Tlie principle of 



Fig 8 

the method is the same as method of mixtures The apparatus is } 
made in such a way that the solid can be heated convenientljrl 
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and heat loses %vlulo timisfcrring the solid arc nn’iiiniised? llni 
apparatus is shown in 3?ig 8. A is a double walled vessel in whicli 
the solid 18 suspended A thennoinetei is also placed in it just in 
contact w'ith solid. Steam from a. separate boilei is passed in the 
annular space of the vessel IV is a ivoodcn box in wliifth a calori- 
meter with stirier is placed This calorimeter is surrounded b}' felt or 
some non-conducting material There is a sliiitlor W'hich can he 
raised or lowered 


Experiment ; — Find out the weight of the given solid and 
suspend it in A Put the thermometer in A and close the upper 
mouth with a cork Connect A w ith the boiler and jiass stream in it 
Weigh the calorimeter w’lth sliiror Put some water in it and weigh 
it again Take a thermometer and find out the tcmjioraturc of cold 
water Place the calorimeter in the box Wlion the temperature’ of 
A becomes stead}'’ note it Raise the shutter and move the box just 
below' A Gently drop the solid in the caioiimctcr Take out the 
box, put a thermometer in it stir it w'ell and note the highest 
tempeiature reached Calculate the specific lioat as shown hclow' 


1 Mass of the solid =w gram. 

2 Mass of caioiimctcr and stirrer —ni^ gram. 

3 Mass of calorimeter and cold w ator —nig gram. 

4 Initial temperature of cold water —t^C 
6 Temperature of hoi solid 

6 Final temperatuie of mixture 

7 Specific heat of caloiiraeter and stirier=52 

8 Specific heat of liquid =Si 


for w’ater Si—1. 


Calculations : — 


Mass of water in caloriineter=w73— gram 
Heat lost bj' solid =m S. {h—T) calories 

Heat gained by water (T-'ti) 

Heat lost=Heat gamed 
wS {ii — T’)=(j?jx-j-/W2iS'2) (7* — 12 ) ••(5i'=l) 
c-O^i+^iSz) [T-iz) 

§9. To find the specific heat of liquid: — TJio piinciple>nd 
method is same Take the given liquid m calorimeter instead of 
water and perform the experiment m the same manner If the 
specific heat S of the solid is known, the specific heat Si of the liquid 
can be calculated T 

As shown above, wo have, 

mS{ti—T)—(miSi+m„Si) {T—t^) 
or miSi{T^tz)=mzSz[T~-tz)-mS {ti—Ti , 
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• c fz) inS (ti—T) 

Numerical Problems 1 A ball of platinum whose mass is 200 
grams is removed from a furnace whose temperaiuie is 578 8°C and is 
immetsed in 150 giams of water at O'^C If the tempeiature of water 
uses to 30°C,Jind the specific hr at of platinum 

Heat lost by platinum =200 (678 8—30) 8 Cal 
Heat gained by water = 150 (30—0) Cal 


Equating the two, we have, 

200 (548 8) 5=160X30 
150X30 


200X548 8 

15X3 , 

= 041 Cal 


2 X 548 8' 


2 50 grams of non (sp heat 112) at 90°C are dropped into a 

caloi imeter weighing 60 giams and containing 50 giams of oil at 18 1°C 
The final tempeiatuie of the mixtuie is 29 5®C If the water equivalent 
of calorimetei is 4 8 giams, find the sp heat of oil 
Let the speci6o heat of liquid be 5 
Heat lost by iron =50 X 112 X (90—29 5) 

=50 X 112x60 5 Cal 


Heat gained b 3 ' oil and calorimeter 

= (50x5f 4 8) (29 5-18 1) 
=(50 x 5+4 8) 11 4 


Equating the two, we have 

(60 x 5+4 8) 11 4=50 X 112 x 60 5 
60 X 112x60 6 


or 


or 


or 


50x5+48= 


505= 


114 
50 X 112x60 6 


5= 


11 4 
50 X 112X60 5 


5= 


114X50 
112x606 48 


114 


50 


48 

1 .® 

50 


= 59- 096 
= 494 Cal 


3 A mass of 100 grams of copper (sp heat I) heated to 90°C 
IS dropped into a copper calorimeter ixeighing 250 grams and containing 
300 grams of w at ei at 20° C What will be the final temperature ^ 

Let the final temperature bo T°C 
Heat lost bj’^ hot bod3’'=100 X 1 X (90—7’) Cal 
Heat gained by water and cnloiimctcr=(300+2.')0x‘l) (7’ — 20) Cal 
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Heat lost=Heat gained 

100 X lX(9O-r) = (3OO + 20) (T~20) 

10(90— r)= 325 (r-20) 

900 - 10r=326r- 6600 
- 10T-325r= - 6500—900 
33or=7400 

r=^-^=22 ro 

ooD 

4 T/iree liquids A, B and C aie at temperatures of 30^, 2(f and 
iO® respectively When equal part by weight of A and B are mixed, 
the temperature of the mixture is 26°C, and uhen equal parts by weight 
of A and C are mixed the temperatuie is 25°C Find the resulting 
temperature when equal parts of B and C are mixed 

\ 

Let Si, Si, and S^ denote the specific heats of liquids respectively 
and M denote the mass of each liquid mixed 

In the first case -when A and B are mixed, m e have 
heat lost by liquid A =MxSiX (30—26), 
heat gained bj’^ liquid B—MxS^x {26—20) 

M X X (30 -26) X 5a X (26 - 20) 

or 5xX 4=52X6 

or 5i=i Si 

or 52=1 5i ' (1) 

Similarlj’’ in the second case when A and C are mixed, 
heat lost by A —MxSi (30—26), 

heat gained by C =Jl/x53X (25— 10) 

Ar.5i5=Af53l5 
or 5 i=358 

or 53=1 5j ‘ .. K^l " 

In the third case let T be the final temperature of the mixture. 
Heat lost by B —MSi {20— T) 

Heat gained by C —MS^ {T—10) 

M52{20-r) 53(7’- 10) 

Substituting the value -of 5^ and S^ from (i) and (2), we bave 
I 5i (20-r)=i (r-lO) 

01 2 (2o-r)=r-io 

or 40— 2r=r-10 

—3 r=-50 
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QUESTIONS 

1. Define — Specific heat, caloric, thermal capacity, water equivalent of 
calorimeter B Th U and give their units {Sec §2, 3, 5) 

2 What IS the law of mixtures ’ {See § 5) 

3 How will you find out the wa.er equivalent of a calorimeter 

{See §6 and § 7) 

4 How will you find out the specific heat of a solid or liquid by Regnault’s 
• apparatus {See § 8 and § 9) 

Numerical Questions . — 

1 A mass of copper weighing 700 grams at 98®C is put into 800 grams of 
water at 15®C, contained in a copper vessel weighing 200 grams and the final 
temperature IS noticed to be 21 *C Find the sp heat of copper [Ans 091] 

2. A copper calorimeter of mass 100 grams and sp heat 09 contains 80 grams 

of heavy oil at 28“C A piece of copper of mass 100 grams and at a temperature 
lOO'C IS dropped into it and the contents well stirred If the final temp is 39°C 
Find the sp heat of oil [Ans 51] 

3 A copper ball weighing 6 pounds is taken out of a furnace and plunged 

into 20 lbs of water at 10®C The temperature of water rises to 25°C Find the 
temperature of the furnace (Sp heat of copper = 095) [Ans 551 3“C] 

4 A brass weight of 100 grams is heated so that a particle of solder placed 

on It just melts It is then put into 100 c c of water at 15°C, contained in a 
calorimeter of water equivalent 12 If the final temperature is 35'C, what is the 
melting point of solder ’ (Sp heat of brass = 088) [Ans 289 5°C] 

5 180 grams of water at 80''C is mixed with 50 grams of water at 14“C what 

will be the final temperature ? [Ans 65 65“C] 

6 A calorimeter weighs 100 grams and is made of a substance whose 

specific heat is 1 Calculate the (a) thermal capacity (A) water equivalent of the 
calorimeter [Ans (a) 10, (A) 10] 


OHAPTEK IV 

CHANGE OF STATE AND LATENT HEAT 

§1. Introduction i— Take a piece of ice It is ni solid 'statOi 
when it IS heated it melts and changes into water a Jic/uid state* 
Again when water is heated it bods and is converted mto steam a 
gaseous state. In this way gencrallj' all substances are found to exist 
in tliree states — solid, liquid and gas When solids are heated they 
are converted into liquid and on further heating liquids are converted 
into gases 

§2. Melting Point : — VVheuevci we heat a solid its tempeTa- 
ture increases up to a certain point and then it begins to melt. A1 
this point temperature remains constant till the w'hole of solid is 
converted into liquid The temperature at which a solid is converlet 
into liquid is known as melting point. It depends upon the nature ol 
the substance, uiion the piosence of impurities m it and upon th« 
external pressme acting on it Again w hen ive cool a liquid it solidi- 
fies at the same temperature, this temiioiature is also known as frcezmi 
point ’ 

§3. Determination of melting point:— (For details jc?e-ATexi 
Book of Practical Physics by authors) 

(0 Capillary tube method . — Take a small capil- 
lary tube and close its one end by beating it in a 
flame Put a small amount of the given substance 
in it and tie it to a thermometer bulb with the help 
of a thread Suspend the thermometer a boakci of 
watei as shown in Fig 9 Gently heat the beaker 
and observe the substance in the tube ‘Wlicn the 
substance ]ust begins to melt lemove the burner and 
note the temperature Allow' the beaker to cool when 
the substance again begins to sohdify note the tem- 
perature again The mean of the two tcnij)eiatures 
will give the melting pomt 

v/fn) Cooling curve method: — ^This method is suit- , 
able w'hen the substance is available in laigoi amount ’ 

Put some substance m a test tube and place a tbei mo- 
meter m it and boat it by placing it in a ivater-bath Fig 9 ' 
When the substance melts and the liquid is also he.it- ' 
ed a few' degrees above the molting point, remove the test, tube an< 
suspend it in a closed vessel Stir the substance w ith the thermo 
metei and note its temperature aftei evciy half minute Go on domj 
this till the substance completely solidifies and cools further al^ 
Plot a graph between a temperature along F-axis and time along X 
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AXIS 11 Find out the lempp!.ifuipcoirosponf]in<i to horizontal 

portion of the eur\e This, will fine the melting point of the subs- 
tance Because here as the time pa's^^es on tempera tin c remains 
constant 



Fig 0 F-ig II 

Effect of impurities on melting point: — Whenever some 
impui ity IS present in the substance its melting point decreases Tins 
IS the principle of freezing mixture You must have seen that -nhile 
preiiaring ice cieam or kulfi salt is added to ice Whj ^ Because on 
adding the salt the melting point of ice which is O will go down and 
at the existing temperature ice will melt In doing so it requires 
large amount of heat which it w'lU take from the mixture and there- 
fore the temperature of mixture will fall If we place a test tube of 
water or milk in such a mixture it amII freeze 

^5. Change of volume on melting: — There are two kinds of 
substances ; ice type and wax tji-pe Ice type of substances decrease 
in volume on melting Por example, when 10 907 c c of ice melts 
it will form 10 c c of water In the same way when water 
freezes it expands in volume During this expansion it exerts 
great pressure on the walls of the vessel This is the reason why 
water pipes in cold countries burst out at mght, rocks in the colder 
’ region are broken into pieces Sohds of this tj'pe will float on the 
I corresponding liquids Cast iron, antimony, bismuth, brass etc 
belong to this class 

Such metals are specially suitable for castmg mould’s when 
liquid metal is poured in the cast, it solidifies on cooling and due to 
expansion tightly fits in the cast 

Wax type of substances contract on solidification and expand 
on melting. In ting case solid is heavier than liquid and will smk 
down 
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§6. E^cct of pressure on melting jp()ini: — YoinnnstJfjaTeeLsetvei 
that wheii pieces of ice aic pressed together, they oonihhio', to fora 
n _ 0110 solid Diced Whv so? Jituain if’v^ 


n 




n 


1 / 


■W 


J I 

Fig 12. 


Inlce a block of lee and place a \vireo\<irii 
and suspend 1 wo iveights from the Ijivo ends 
of the AMco (Fig i2J Tt miU booWri^ 
tliat tlie M jrc passes through the' block oi 
ice M ithou* breaking it TJiis e.\powitieji!E 
was done by l\vndal, ' , . 

The meltvig point of ice type of siibsttinca 
IS lowered when pressure is increased 
the abo\e ease, on exciting prcssui?, 
melting point isloimed and at the exislan| 
temperature ice is converted into .nater* 
On releasing the pressure again the njelHioi^ 
point IS laised and uator fieezes 'ngaiir 
forming one block ' " " 

o T.'oi, second case ice below the w ire melts oh a ccount of pressure 

"eights Watci comes up fiora the sides ofthCwiK 
because now no pressure is acting on if . In ibis 

leoulSd to 1 piessuro of l.OOQ atmosphere « 

wax7vt^f»JhZ ^ melting point oj 

wax type of substances increases with the increase of pressure \ . 

tic Mill ’tr er a body is heated the kme^ 

also iiiPiP^cPQ molecules increases consequenth its temperature, 
Tho ®‘, “''*“‘8 P"”"' tempetalnie romams constoor 

«.» a.. , stance at the melting point is not ahoin by, 

“ IntSit-hoat Tins heal,!? 
Si;™.? ”* Ilns nmounf of heat 

Latent Henf mass of the substance taken and therefore,^ 

Lment Heat is defined as the amount of heat reauired bv 1 sram of thO" 

sameamonTofn rn"'‘Sv‘° S'™ °f anbsfanccthe' 

li IS SO beremoTod iomit The Intoiit beat* 

JSltmn ThtriU i “‘'“ri'S otboatfflJ 

Sa^fe Sot “P”” *'‘® of *110 snbstance 'Fop 

SCiS ’ ^ ^ ooloiies and that, of mb w 28.. 

ebrrefand tod mt“i^';S.?Tkf icci^Tako b oalonmif^Jn-W 
itandafraiTi 7 T.oi»rin Put some amount.of waters, 

temnerature (t Place a thermometer in ithnd Jiotc rfs 

blottin^nUr’ -pJ drvjtw'iththebelp'offt',’ 

wotting paper. Place it in the calorimeter and Rtir if the . 

lowest temperatme reached fD i “ i - 

Its oontentc iM \ ^ > Again weigh the .calorimeter, wim^ 

,below”^ ^ ^ ^ calculate tlie latent heat as -shown . 

‘ -1 Mass of ealonmeter and stirrer J Afi gT'am ‘ ^ 

2. Massofcalonmeter+w'ater =Jf /2 gram ^ 
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3. 

JIass of caloiimcterJ-water+icc 

giam 

4 

Initial tcmpeiatmo of walei 


5 

Iinal temperature 

=r“c 

G 

Initial tonix^craturo of ice 

=o°c 

7 

Latent heat of ice 

=L cal 


Jl.nss of w ater M 



llass of ice in 



Heat taken by ice 

=m L cal 


Heat taken by tbit, watci 

=m {T-0) 


Heat) lost In ^\atel and caloumetci 

= ( jl/a- )(/i_ D = ( jl/+ n )(/,- D 

Avherc w is water equivalent of caloumetci Applying the principle, 
heat lost = heat gamed 

{M+w){ii—T)s=mL-{-m{T—()) 

j. (M+w){ti-T)-juT 
•or L,— 

m 


In this mctliod some ivatei mav he slicking to ice before tians- 
fening it and theiefoie some eiioi will be introduced 

Numerical problem : — A coppei calonmetei weighs 50 grams and 
contains 200 grams of water at 20PC , 20 grams of dry ice are added and 
stiried well. The final tempeiature is irC Find the latent heat of 
fusion {Sp heat of copper— •!) 

Heat gained by ice =20 L+ 20(1 1—0) 

=20L+ 20x11 cal 

Heat lost by water and calorimeter 

= (200+30x l)(20-ll) 

= 205x9 cal 
20L+220=1845 

20L= 1845—220= 1 G25 


1625 , 

L— 2o cal 


§9. Evaporation; — ^If we heat a liquid in a beaker and place a 
thermometer in it, its tempeiature will use in the beginning After 
some time the liquid will begin to boil and evaporate and the 
temperature will not rise till the whole of liquid evaporates The 
temperature at which a liquid begins to boil is known as boiling point. 
It depends upon the nature of the hquid, presence of impurities in it 
and the external pressure actmg on it Different liquids have 
different boiling points and they can be identified by their boiling 
point 
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T? boiling point: — Tnice a liypsomet<*r as shown ii 

Jg lt> ana put tlie givou bqnid in it PJace a theimoniot^f in it 

Tlic bulb of the therinomcrter slionlt 
not dip in=9ide liquid; Heat th* 
liquid till the tompeiature bocomei 
constant Kote this, i-cmperatiire 
Thi') MiU give the boiling point at the 
pressure uidicated bj- 1 he mandmoter 

Change of lolnnie' on cvaponi' 
tion : — Evciy liquid, expands "in 
volume by laigc amount when it 
evapointcs <Ic of ’water" at 
100°G occupies 1,674 c e. w hen it is 
converted into steam at tho^samc 
temperature * _ ' 

_ UI. Effect of pressure on boil- 
ing point: — As volume inei eases oh 
evaporation, uieiease in pressurd will 
oppose the evaporation and therefore 
boiling point will increase If we 
loner the pressure boiling Mint will 
be leveled 

, r 

ater boils at 3,00'* at soa level 
where the pressure is 76' ems of 
meicur;y. As we go. up, /pressure 
decreases and boilmg point wiiralso*’ 
decrease On the top of Everest boil- . 
ing point is verj'- low and as such’ 



Fig 13 

cookmg becomes difficult there. 


a proof:-— Take a flask fitted with a'tube oariyingr 

^filler ^ that «.e whole of thf 

popper and pkice the flask as sho^vn in 
. Sprinkle cold w’ater over 

It. bteam wdl condense and vaoiuun will 
be created Pressure inside ^v ill faU and 
water will begin to boil oven if tempera- 
ture is much less than i00“C 

s§12. Latent heat of steam: — ^As in 

liquid 18 boiling temperature remains 

This heat is known as latent, boat of 
vaporisation This is utilised m changing 
the state of the liquid Heat regmredby' 
one gram of the bqmd at the boiling point 
to change into vapour at thk same tempera- . 
tuie IS knoMm as' latent heat Latent beat 



:s Fig. 14 
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••^r j*» MfiVtilont > II mt* nit. ojm* f*r.nn wilH -nice 526 

*v *■ pf Kra? It t«t 0\«|>ar.lt«* 

i!X To determine the latent Itcnf of Meant — Principle: — .Sonto 
.nnonn? of tejtn t*' p'*<M'l m ‘ i ilonnv'fer mnf.tnnnp o.iter and 



Fie 15 


•the use in Icmpciainic noted Fiom the jninciitlo of JTn\tiu'cs latent 
heat of steam is ralculatcd 

Apparatus and working; — The .ippaiatus is shown m Fig 15 
First of all put some watci in the boilei and start it heating Take a 
caloiimeter and find out its mass Fill about j of it with water and 
again find out its mass I’ut a thcimoraetei in it and note its 
•tempeiature When drj' steam begins to come out of the nozzle, 
■dip the nozzle in the caloninetei and stii it well When the 
temperatuie rises by 5 oi 10 “, remove the caloiimeter and stu it 
well and note the highest tempoiatnie i cached Find out the mass 
of caloiimeter with its contents again Calculate the value of latent 
heat as show n below, 

1 rVfasb of caloiimctei and stirrei —M^ giam 

2 Mass of caloiimetei and watei —Ms giam 

3 Mass of calorimotei, w'atei and steam =^4 giam 

4 Temperature of steam 






pPK-uriiVEPSir*!* 

<\ TmiiJ'-iifujT ^'•v'i»cj* ^tSC 

0 Pifipl U‘injf'**jitn;(* ^ 

7. 2.utput hcAt (.rhtf..ini jr, ,, 

S. ‘V^Wru' ItMt 
Cnlculnffons: — 

Mnvs of COM «.,Hi 

of .unm coBtnVrj^td ^ 

lloaJ in}.on hy ^Mtwt .r <( onlo.jmet<?- {T^h\m 

JiCiit Irt*!! *{/'un m t <Hi.if»j‘*{itf.'- =--/«/. fviT. 

HtMl l.x-I l.j !hj(, m uwjhti.; ftom i ^UiT 

Arcoraing to Hk* pnn.^iplc Hu.f h-A -U^Mf ynmal liave, 

wi-^w {?,^r)=- /” 

f.iL~ 

n: 

i m 

-tfong tviSh fh( 

he lost bA mdi'ition i* ^ !i ^ *‘‘ *‘*^''** 

eiosiuj mdution. 1 «^ nH> t,.rl?«tJo» eow^ttoh « npi.bwl. '' 

f/// iha tcmpJ^Z rl , f?~c ?•? 1 

grams ^oiatla.e the latem f,cat of smmi. (Sp, heat of copper" ! cttf,). 

tet tljo latent ht h of «.f<?nm he f, < tl 
ITeat lo-l by steam -•=”, L+n , (lOO— .15) 

“»7£r*{*«i X on 
-r.L-bsir, 

Heat gamed by >\ater and calonmetof 

=cnio-bor>x i>(on~2r*} 

-=^Ji0 5xio=d,inr>eai. . 

.U+M2n=3ior, 

' nz,=3i!in--32r, 

=-2,S70 

7 2S70 

^ ^^>=574 cal 

*1 

and the tenwetahn'^ ~10'C is heated till it eeajioiates 

rigw/Sf ' Calculate the heat 

h^t of ice IS tin mJ steam is *5 cal,' latent 

neat oj ice is SO cal and latent heat of steam is 540 m/ 
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Ice will take heat in the following stages — 

Heat taken by 100 grams of ice to raise its temp, to 0®C 

= 100 X 5x{0-(-10)} 
=100x 5X10=500 cal 

Heat taken by ice in mclting= 100 X 80 

=8,000 cal. 

Heat taken bi' iiatci at 0°C to laise its temp to 100°C 

=100x100=10,000 cal 

Heat taken bj A\ater in evaporation= 100x540 

=54,000 cal 

Heat taken by steam in raising its temp to 110°C 

=100X 5 X (110-100) 

= 100 X 5X10 
=600 cal 

Total heat required =500+8,000+10,000 

+54,000+500 cal 
=73,000 calories 

§14. To find the specific heat of substance by joly’s steam calori- 
meter . — The principle of latent heat can be utilised for measuiing 
the specific heat of a body The body is placed in a steam calon- 
meter and steam is passed in it From the knowledge of mass of 
steam and latent heat of steam sp heat can be calculated 

Apparatus and working : — {See Fig 16) C is a steam chamber, 
one pan A of the balance is enclosed in it Two strips E and F are 



fixed at the uppei end of the chamber so tliat steam condensed on 
any part will not fall on the pan A theiniometer is inserted in the 
chamber which will give the temperature of the chamber Place the 
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body ni tbe chamber and find out its mass. the tcmpcrAtur^jo 
the chamber. Pass steam m the chamber till its icmjJeraiure beconis 
constant *^omo steam ^v^l condense on the body and dne to whi^c. 
A wll jro down PJace weights m B till equilibrium is eatablishe 
.again Calculate the latent heat as shown below* - - 


mass of the body 
Teinpeiatmo of the olmmbei 
3IafcS of steam condensicd 
Tompciaturc of steam 
Heat lost h\ steam 
Heat gained by body 

‘ MS {T 


gram, 
rt, C. 


=;n glam 

^-mL Cal 
==^H5. (r*-/i) 


al. 


. c_ wZ. 

MiT-t,) 

In tlie above evpeiiment some heat, will also condense ^ 
pan and pan holders of the balance In ordei to eliminate this.'fiK 
an experiment is performed without anybody in A and the 'mass f 
steam condensed is found out Then in the case of actual exper 
meut this mass is subtracted from the mass of steam condensed 


^ 15. To find the sp. heat with the help of latent heat of ico 
If a body is heated to and dropped in a blocJv of ice an 
the quantity of ice molted is measured, specific heat of the bod 
can be calculated This method w ill be clear from the mnnertoi 
example ^von below 


Numerical Problems ; — I A metal sphere of 270 grams is su 
pended m a chamber at (TC. Steam at 100'^ C is passed into ti 
chamber till the temperature uses to JOO^C The mass of sten 
condensed ns 5 giams Calculate the sp. heat of metaV. (Latent hei 
of steam=o40 cal ) a ' 

Heat lost by steam =5 X 540 cal 
H eat gained by body == 270 X iJx 100 cal 
270 XS'X 100=2700 


2700 

270X100 


= loal 


2 A piece of tronweighmg 16 grams is dropped at a tempeiata 
of 112 S^C into a cavity in a block of ice which it melts 2 5 giams. ^ 
the latent heat of ice is SO cals , find the sp.- heat of iron. 

t — •.!' 

Here final tempei'atnre is O^C Let the sp heat of iron be S. 
Heat lost by lion — Jlf. y t=I6x5'xll2 5 - 

Heat gained by ice —2 3 X 80=200 0 ‘ 

^16Xll25XiS' =200 * . 

’ . c_ 500 200 ^ 1 

16X112 5 isOOO 9 
=*11 cab ' ' , 
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QUESTIONS 

1 Define • — Melting point, boiling point, latent heat of ice, latent heat 
of steam and give their units {Sec §2, §9, §7, §12). 

2 How will you find out the latent heat of ice or steam ? {See §8 and §13). 

3 How will you determine the melting point of a solid and a boiling 
Tjoint of a liquid ’ {See §3 and §10) 

4 What IS the effect of pressure on melting point and boiling point ? 
(S’fc§6 and §11) 

'Numerical Questions — 

1 A pond SO sq metres in area is covered with ice at O'^C How much ice 

will be melt per hour if it absorbs heat from the sun at the rate of 25 cal per sq 
cm per minute {Ans 93 75 K gram] 

2 Find the result of mixing equal masses of ice at lO^C and water at 

60°C Sp heat of ice IS 5 [Ans of total mass of ice melts] 

3 A copper ball 56 32 grams in weight and at 15°C is exposed to dry steam 
at 100°C What weight of steam will condense on the ball before the temperature 
of the ball is raised to lOO^C (Sp heat of coppcr= 093, L of steam=536 cals) 

[/4;is 831 gram] 

4 Steam at 100®C is passed into a copper calorimeter weighing 100 grams 

and containing 500 grams of water at 15°C until the temperature of the calon- 
meter and its contents rises to 25°C Calculate the weight of steam condensed 
(Sp heat of copper== 1 and latent heat of steam 536) [Am 7 995 grams] 

5 A mass of 500 grams of copper (sp heat 08) is heated in an oil bath 

.and IS passed in an ice calorimeter Find the temp of the bath if 10 K gram 
•of ice melts [Am 16°C] 
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^®^®^**^^*®** * \on have already lead in your previous 

S jS, tf This ffipa\™n may,be 

^Stt to^,n7 e^anaraa is Wy 

“mm '« > m?l. ‘I*® ofa bottle by 

IS left at ini ^ left between the two rails ^ Wlij’’ a gap 

rtlati“‘tS‘:i;L’Soa "" probfeaisii? 

through £ If ■«#. li^nf thatit can just pass 

ShoSihnt i itl pass through B: 

throSt * ' ^ and A will pass 




Fig 17. 


"i 2 

A 

Fig 38 


iDiQfiliis 


agains^?S and’^^ff ‘'".fn end vl is ii.xed:' 

moves 'on a graduated ^ ^ 

hack- A hole is movided^*^!^ cooling again the pointer moves 

side the hole the rod i«fnrm ^”P^aa«’g a. pm in- 

devdoned in th« f^'oaa contraetmg The forces 

,f m this case are so strong that the pm ^mII he broken 

upon the Jsn^n!^*nr •—Expansion in length of a rod -depends- 

nature of the maieri^ temperature andthc- 

at of the rod at O^C is Lo and itslength 
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or 

ot 


Li — Lp—tf Lf) t 


a= 


Li—Lo 

Lq t 


( 1 ) 

( 2 ) 


■where is a constant a\1uc1i depends upon the nature of thematerial 
It IS known as linear coefficient of expansion "Mt is defined as the 
increase m length pei unit length foi 1' rise m leinpcm/i// e ^Linear 
cocfiicient of expansion of non is 0000116 It means if we take a lod 
of iron of 1cm length it will increase in length h}' 0000116 cm when 
heated bj* l''C Since the value of expansion is small enough, w e 
should take a long rod and heat it to a highei temperature m order 
to measure the expansion 


Unit . 


Li —Ln _ Incre ase in length _ 

Lo t Original length X rise m temperature ' ' 


Fiom the abo%e relation, since <y is the ratio of two lengths 
therefore it will have no unit Therefore its value will be same in 
both the systems But its value will vary with the scale of tem- 
peratuie Smaller is the unit of temperatuie scale, smallei will be 
the value of </ The unit of a is therefore put as per degree centi- 
grade For a comparative study of the expansion a few coefficients 
have been given at the end of the book 


§4, Measurement of coefficient of expansion : — [ For gieater 
details see A Text Book of Piactical Phj’sics by authors] 


Pullinger^s apparatus: — ^The lod is 
placed vertically in a jacket j A spherometei 
is placed at the top of the jacket such that 
its screw touches the uppei end of the rod 
A thermometer is placed in the jacket 

Working: — Measuiethe length of the 
rod and place it inside Move the screw till 
it touches the rod, note the reading of the 
spheiometei Eepeat tins four oi five times 
Koto the temperatuie of the jacket Move 
the screw up and pass steam in the jacket 
When the tempeiature becomes steadv agam 
move the screw and w hen it touches the rod 
take its reading Eepeat this also foui or five 
times The difference of the two readmgs 
gives increase in length a can be calculated 
by the equation (9) given above 

[Here in this case we have not started 
from 0®C but from ti °C Smee L is small 
the value w'lll came out to be the same Let 
Lii Lii and Lq be the length of the rod at 
0"C, t°C and t^ C lespectively Accoidiiig 
to relation (1) 



Fig 19 


and 


Ln—La-^L„ V ti 
Lt2~La'\-Lo a la 


(4) 

(5) 
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Subtracting (4) from (5) we get 



L(i, {tn — /j) 



ecause Ln-Lo is negligible, therefore, we can pnt’Xnfoi Zo} 

■mg IS aTsamras^exiSKfS’' 10 {at The woik. 

same as explained above In order to find out exactlj when 

does the sore^vton- 

eho<! the rod, elec- 

tiical ‘■connections 

are made as shown 

in the figure IVheji 

the screw touche? 

the rod the circuit 

will bo completed 

and voltmeter tnll 

give deflection* ■ 

Sources of error* 

1 Part of the rod 1 ! 

projecting outsuh 

Fig 19 (a) jaeJeot and '« 

tempoiature than the jacket therefore at lowei 

3 It It '' ^ ' 

Comparafor^Method*^wphe contact with theiod ' 

A standard bai canying ^ shown in Fig 19 (5) 

-mctie IS placed m the tiouch at a distance of 1- 

and the micioscopes Mj and M„ 
are adjusted on the sciatohes“ 

Aow the experimental bai with 
two scratches approximately 
at a distance of one metre is 
placed m the trough and the 
microscopes are adjusted on the 

scratches Fiom the shifts of Fic 19/AV ' ' 

KowTrav'is sSj Wc”'' *'r- ’■"i ** ^ 

focused on the^maiks Fiom +i^i microscopes are , 

of the rod at t^Cis calcnlfl+iS^ * knowledge of the shift the length 
in the same w av Af and Lg, a can be calculated 

also expand^*in^aie*a*fUKi expansion ; — A body wdienlieated 

liave. Then as m the case of linear expansion, we_^ 

*5l — 5^==P Sg f 
or ' . ' p._l Sj—Sg 

^ ^ ' ~ s„i 


i 

4 1 


p 

Ms 

] 

0 
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wheie p IS known as superficial coefficient of expansion It is 
defined as inciease m aiea per unit aiea per degiee use in temperatuie. 
From 7, <S'«=S'o (l-fp /) (9) 

Similaily in the case of volume expansion, 

Vt=Vo t) (10) 

Here y is coefficient of cubical expansion It is defined as 
. increase in volume pei unit volume pet degiee rise in tempeiature » 

From equation 10, y 

VqI 

_ Increase in vol ume _ 

~ Ongmal %’olume x rise in temp 

§6. Relation between a, (3 and y : — Consider a square A B C D' 
(Fig 20) of side 1 cm When it is heated q q 

by 1°C it expands to A B' C D Considering 
linear expansion, AB'=AB-\-AB v 1 

=(1+^) 

Similarly' i4D' =(l+a) 

Area of the square AB'C'D= { 1 + a)® 

=l+a®+2(y 

Consideiing the supeificial expansion 
Aiea of the sq AB'C'D'St—So+So ^t 

=1+1 Pl=l+p 

equahsing both we get, values of aiea AB'C'D' 
l + pr=l + 2a+<y2 

Suice a® is still smaller and can be neglected 
jB=2« 



Relation between a and y 
volume Vo will be lee (Fig 21) 

H’ 



IC' 


■Consider a cube of unit length Its 
When heated by l^C each side be- 
comes 1+a cm and the total 
volume now becomes (1+a)® Con- 
sidering the A'olumc expansion it 
becomes 

Now we have 

W=V£;(l + yt) 

v/=( 1 +a)®= I + 33 c*+ 3a+ a® 

*. I+y/ = I+3a+3K,®+a» 
neglecting 3a® and «® we get 
y^3a. 

^7. Practical applications or 
cxpinvion: — 

tc) To put the tira on ibe It’d- 
locb carl wheel: — I’lr-t «>f : i 


rig 21 
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AiJuJhcr form of {l«o jK'iululnm js ^hown m JMif 22(ff} hcio \\heu Ain- 
crooe-'? in length th< liob wil! ;;odovn and w hen /? inriea>,cs in length 
the hoh will go up If the luo o\pinbions tue haliUiccd the cflectivo 
length will renuMii Fame 

Balance uhccl of the watch: — ^’Fho wheel is shown in Fig 23 
As the tomtierature mcieiitC'. the efleelue distance of the mnsses in- 
c^easc^ and the tune of lot ition of the 
wheel eh''ngf’S Tins js ehniinited in such 
a way that the aits of llic whci 1 .ire made of 
Iw'O different materi'ils, the outei one in- 
creases m length nitue than Ihoiimei one 
Due to this the masses eome nc.irer .uid the 
efieefno distance remains the s.mie 

Correction due to expansion of scale. — 

(See Fig 2t) MetnUic scales also inciensc 111 
length w hen t heir Icmiicratiu e rises Sii jipo'-c 
graduations arc ni.'irkcd when the tcmpei- 
aiuro of the strip is O'C Thcicfore, w hcne\ er, 
on}' length is measured with that scale it will 
givecorrcctrcmhngonly wheiiitstcmperatnieisO’C If its temperature 
is higher, there will he some error m the leadings taken by that scale 




Fig 24 

'Suppose the coefficient of expansion of tho mateiial is a and the 
temperature of the scale is /'’C Then eveij’ centimetre of the scale 
becomes (1+^0 cm due to expansion Therefore, irlien the length 
observed by that scale is 1 cm actual length will be (l+aO cm and 
when the length observed by that scale is n cm actual length Avail be 
n{l-\-vt) cm Thus, wo have, 

Actual lengt}i= observed length (l+v?) cm 

Numerical Problems : — 1 A zinc rod is measured with a copper 
scale which gives correct measurement at 0°C. At 10°C the length of 
the zinc rod is 1 0001 metres What is the true length at 0?C [a for 
zmc=0 000029 and v for copper— 0 000019] 

In this question first we have to find the correct length of the 
zinc rod at 10“O by appl 3 nng the correction due to expansion of the 
copper scale and then, we have to find the length of the zme rod 
atO^O 




05 p^v-mivz^siiY pmsics Vi 

1 

t ^ 

OhsQWC'i k-rpih :ll^ r<M3--=-i'0>w'U xreTrcP'='i0()'?i1 cra^- 
Actual kupr^h oflhf' «??«.• t'o-l ai 20 C 

~(20i'« » >1 Ki — OOC'OiS y^m - 

tU'Oun rm':- 

If Uk of the ?Ijic ?■);< K't 0 ( i's ^veii*5\Cf 

L*^X^ {j f*;*j nhm' it;— VOOO:^^* 
i^ub^trUithig ^uc'vaJjso', vic ,:ti. 

{iOO 01) ^'jvi000<> ^ hh 

. __ lOOfdi a10:»8{i»^ 10‘^o!,''£p^*0l<j^ , 

” 2 0*^25"' "iCH>y2Q"' 


=200 cn3.=sl metre ^ 

2, A j^c^dijuun made of brass heals seconds <ii , A^“C- 
Ho\s rrany seconds a dav v'tll tf e clock gain if ihc !ep‘p£Taiurc faHs *<? 
0=C (a for Brass^'mom 

The clock bc’its second’: Jt 25 C. tl./’rciorr, ils poritxiic xxm^M^ 
2o'C~2 sec. (T;s). Ircl (be ?'erioijr|i imjc at O'C he T^. Lei the- 
leiigth of pecdulnm at O'C and J5 C ho and L*, re«pecti'^dj. 


Applvmg the fonnida of pendnl »nn ne pel. 


ro<=2^A / -1“ 

, ,4r> 

r 

r„=s= y' fe 


Dividing («) by (i), ne get, 


To 

. ...(kO 


But according to the formula for ospatision, nre get j 
Lzs—mi-^a. Ao? 


JU- 

or -i-s . 25=^1 d-’OOOOIl? X 2o) 


=1 0&!>475 

SubstitutiHg this valae xn {Ui), ^ret get, 

^ 1 d*<) 0^7o=(i -f 0*000475)^ 

-*0 

‘=(l-r^XOD00475) ' , • ' 

=id-0-000237o ' ’ 

Th 24 hours there are S0.iQO seconds, therefore, aULCJher.os 
osdilations made hy tlie pendnium at ifC and t^C Tsili be given bjy 

,, S64D0 , ,, ' SS400 

As=— ^ and 
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iV„-^2s= 


Number of oscillations gamed in one day at 0°C 

86400 r 1 

^25 •* 26 - 

_864oorr2s 

T 

=^^[1+0002375-1] 

■i OR 


-a 

■a-j 


' 25 

. 86400 

^25 


X 0002375. 


No. of seconds gamed 0002375x2 secs 


[7’25=2] 


Tis 

86400 


X 0002.375X2 


=20 52 secs 


3 Temperature of a tod of iron of length one metie and cross- 
section one sq cm is laised by 100°C How much force will be 
required to prevent any increase in length^ [Y==20xl0^^ dynes per 
sq. cm , coeff of cubical expansion =36 x 10~^ pei deg C] 

In this problem we have to make use of expansion due to rise 
m temperature and elastic compression duo to pressure applied 
According to the conditions of the problem, the two aie equal 


If Lq and Lioo are the lengths of the lod at 0°C and lOO^C 
respectively, then wo have, 

Aioo~-^o (1+0^ 100) 

= 100(1+0 000012x100) 

=100 + 100x 000012X100 
= 100+0 12 


If this length is to be compressed to Lq, conti action m 
length (/)=Lioo— 100= 12 Applymg the formula for Young's 
modulus, we get. 


A I- 


Here Y=20xl0“, i4=l sq cm., L=100 ems , appioximately, 
7=0 12 cm 


Mg— 


YAI_20XW^XIX 12 
L 100 


24x10® dynes 


QUESTIONS 

1 Define the linear cocfTicicnt of expansion How vHI you measure it 
cvpcnmentally 7 (See §3 and §4) 

2. Give the relation between (i) « and p and (ii) a and y, (See §6). 

3 Give some examples of practical applications of linear expansion 
{See §7) 



piiE-txfn LRsiTi* r ’n'sics 


fCHA?, V 


4\ 

■o 


s 


Numcncal Q«k{joj}, 

K/'fu. wl'-, tff I'Fr l3i4jvi‘th Jo urinsfciti' If^Lessj 

^ C Pi , 1 tsirsfi-hi'yre ttill tb? lita? 

jwttoj.cn* r**- U -' JO-'* j«r tk^ r», ' r^«f.^*'4Ci, 

ft rJJf/ *•'" ex?wn<*\'sa of - 51 J 5tce^ a-c OOiKSfS? 
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Cal.t la^c tb- Ii. .ar co.lfittcn of 0 q'jti'.ton of brssa. ^rJtis 1^3001855 

5 An ron rod-lsv-; cf” >n trcn-sccaonij ncatcaPontlO Ctc^OO'C -If 

comtpn;. hrd tnt xpUic oftbc Tcrcss ^vJrfctj D’USl' 
DC app ico to tn. ..cds lO ca .priss »i bi;} to t*s o-ittin tl length - ~ ^ 
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SI. Expansion of liquids : — •'olitls. IuiumIsj nUo eximnd A\licn 
heated Since then ‘'linpe IS not fixed \\ch.i\c onl,\ cubifil expan- 
sion in the case of liquids This 
toofuciont of expansion of liqiiidb 
is much larpei than the cocfTi- 
cicnts of expansion of solids You 
has c read lw\ this expaii’^ion of 
liquids IS utilised in the construc- 
tion of thermometers Like solids 
in the cas>c of liquids also expan- 
sion depends upon the naiuio of 
liquid This can he shown hv 
an experiment Take tliiec equal 
flasks as shown in Fig 2o and 
jmt three dificrcnt liquids mlhem 
such that then level is same m all Fig 25 

of them. Heat the w atei in the 

bath, jou will find that the le\el of liquid becomes diffeicnt in 
different vessels (See Fig 2.1 ) 



^2. Apparent and real coefficient of expansion : — Liquids aie 
alwaxs heated in a ecrlain x'essel and th^ expansion in the volume 
13 noted by reading its level During the piocess of heating the 
vessel will also expand and, therefore, the level of liquid w’lll change 
In this wav', the expansion of the vessel introduces the confusion 

If wo imagine a liquid to be heated in such a vessel winch 
does not expand, the expansion viill be real expansion^ and the 
coefficient of expansion is know n as rcal coefficient of expansion,. Itjs- 
defined as real inciease in \ of nine pei unit volume for 1° rise i/j 
peratiiie 


Let Vf be the v'olumoi of the liquid at 0° and l°C and Cf 
be the real coefficient of expansion 


Then, 

t 

1 

...(1) 

or 

Vt==v,{l+Cit) 

• (2) 

and real expansion 

II 

1 

...(2a) 


If we heat a liquid m a v'essel which also expands but we do 
not take into consideration the expansion of the v'essel, the expansion 
observed will be only appaient expansion, and the apparent coeffi- 


ceat of expansion is given by 


C'7= 




(3) 
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or Vt=Voa-rCat) , ... (4) 

and apparent expansion Vt—V 0 =V(,Cat - ..'{4a) 

n-here Vo and Vt aie the apparent volnmes of the liqtiid at 0®C 
and 1 °C and Ca the apparent coefficients of expansion. 

>'To find the relation betnecn Cr and Cat — ^Talcea longneck^ flask 
as sho'VNTi in Pig 26 Put in it experimental liquid, iet the leyel 

of liquid be at A, Heat the flash At first 
the flask irill be heated up and, therefore,- it 
will expand and the level of liquid will go 
down Sujipose, it faDs up to JB and then it 
begins to rise because now the liquid is also" 
heated Suppose the final level of liquid is at 
C Then, the apparent expansion of hqmd 
IS equal to the volume AC, real expansion 
of liquid IS equal to the volume BC while 
volume AB is the expansion in the vessel. 
Let the initial volume of the liquid and the 
vessel be Vo, Then we have. 

Volume PC=PoC; t. , .. ..'(5) 

[from equation 2(a)I 

Fig 26 Volume AC~ Vo Ca i .. (6) 

[from equation 4(fl)3 

Sunilaily, consideiing the expansion of vessel, 

Volume AB=Vo Cg,t ...(7) 

wheie Cg is the coefficient of cubical expansion of the vessel ' From' 
the figure it is evident that. 



V olume FC= Volume .40+ Volume AB, 
Substituting the values from eqns 5. 0 and 7, we get, 

Vo Cr t=Vo.Ca t+Vo Cg 1 

Cr=Ca 4 Cg ',..(8) 

[This relation can also be derived as shown below,. 

® ® These readings are correct at 
uS-rlti ^ eveiy c c of it expands and becomes 

reading correspondine to C which we caU 
TO It the reel toIW oorrespondmg to C 


rrt=nm+ci.i) 

. But we know that Vat^Vo{l~{-Ca t). " 

®iid Vrt—Vo{l-i-Cr.t) 

■ Substituting these values in the above equation 

get, mi+Cr,r)=Fo(l-i-Co.f)(l-i-Cg.r) 

- , ' l-f-Crr==l4-Ca.ti.Cg.t-bCo.Cg./s 
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r>acaH‘'C Ca ami C? aT< Mnnll, Co Cg can bo neglect cd .Ihcicfoic, 
j.LC/-i=l+CoH-Cg.i 
or 0=Co+Cg.] 

S3, Relation hetneen density or a liquid at 0‘'C and /"C; — 
Let the inn'^‘> of a liquid at 0 C ho /» grams, its volume he Vo cc. 
and donsitj do giam jni e t Heat the liquid to /’^O Let its volume 
he now IV re and thedensita hex/tginm pei e c Since, mass lomnms 
the same we pet, 

/>!=-. I'o do~\'l dt 
do Vt 


But 


Substituting tins \nluc in the aho\c lelation, 

•w*ogef, 

or do=di{l-rCr t) .. (9) 

01 dls=do(\+Ci /)"* 

=sdo{l—Ci /) 

(neglecting highci powers Cr /) ..(10) 

S4. To find out the apparent coefficient of expansion. (/) Weight 
thcrniometcr — Weight thcimoraclci is show'ii in Fig 27 It is a small 
hiilb of glass w'lth a naiiow neck twice bent at right angles 
Find out the weight (it/^) of the theiinomelei Dip 
the mouth of the tube in the experimental liquid 
and gently heat it, an inside will expand and some 
of it w ill pass out Again cool the bulb , due to contrac- 
tion in an , vacuum will he cieated and due to atmosphei ic 
pressure some liquid will enter in In this w’ay, bj' 
alternate heating and cooling, fill the wdiole bulb w’lth 
liquid Finally, place it in melting ice and fill it Again 
find out its weight {Mz) Now suspend the theimometer 
in a liquid hath maintained at/°C Liquid wull expand , 
bulb will also expand but since the expansion of liquid 
IS more, some of the liquid will bo expelled Remove 
the thermometei and after cooling it find out its weight 
(il/g) again Coefficient of appaient expansion Ca can 
be calculated as sliowm bcIow' — 

Mass of liquid expelled m—Mz~Mz giam 

Mass of liquid remained inside at CC, M—Mz—Mi gram 

Mass of liquid present inside at 0°C =M+m gram 

Let the volume of the weight thermometer be F c c Here, we 
neglect the expansion of the theimometer 



42 ?SS-UJviVBESITV PKISICS tCSA?, Xl 

pTCTsi occiip;; ths rc^^un? J^'c e a:: 

V 

.% I pam (pccnp^s; ^ f c.c. at 0 C. 

-Agaipj M grata fyccupy f' c,c, at t C 

j- 

.V 1 gram occtsafe? e*-, 
m • expansion iu Tolotna of 1 gratia of 

■ 3/ 

_ Ife 


iahial volmne of 1 ^.ics cf li^ «> i = .. 

^ ' 3/-frji 

CceScieat of expanses = _ Increas ein voiasie 


07 = 


Ongrcal toL ’ i rise is tesJp* 
3f <3/- r7j 



la tills vrav tre can 

of a lioiud aaa if we know t!ie coeSc'ent of expuisoB of gaass vessel 
tre esn and tke txae caeSesar or teal c-oefifereaT I>v xhe fonasia 
g^3 in ^piatioa (3). Bat it is diSeidt xo find the eoeSe’eat 

Oj. fiSrSSCZiSTQSl ^3^ jlT 


espc:iisc£?2i 
gaass vessel 


1*^ 

/? .u ly.' c, Qv>o grains of niercaxy esi:G.:jss. 
exp!::nsici: of glcsr, {Cr for vr.erc'irr—Q’OOOlS^ 

3las3 of tie xaerenry at O'C=3/-S-ai=4O0— 4 j 1=430 grams- 
^lassofmerraryexpslled a:=«-S;g graai'v. „ ' ' ' 

of mertxECT- temaiaea 3f=4r?0— 6-S5==4ino grsms. 
Hise ia te-nipssafnze ' - r=I*>'»-C 
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ill 0 3”# OH,"? 

U/“4'i:nr»yjo<» “ inivio 


CnIcu].ition$ : 


lo2 


lop 4432000^ 


OGJ^ 
4 isni 


-W lop i 1S01 = 0001.71.7 


Cfl« 000151.7 
Cg =Ci—Ca 
000182 
— 0001747 
000027.7 

A 000009 


2 A ueig/it thcrmomctct contains 510 qnis of mercutyat 15^C. 
On placing it m a hot oil bath only 500 gins arc left m it. Find the 
temperature of the oil bath {Cr of mercury = 00018 and vg^'OOOOl) 

I.<ct the tonipcidtoic of the oil bath be t°C 
Mass expelled (m) =.710— .700 = 10 pms 

Mass remained (M) =.700 gms 

Rice in tcmporatuie =(r— 1,7) 


Again, 


^ XV 

.700 (t-1.7) 

Ca^Cr-Cg= 00018-3 X 00001 
= 0001.7 


.. ( 1 ) 


.Sabslituting the value of Ca in (I), vc get, 

10 


or 


<^001 J 700 (t-15) 

= i£_ 

^ ’ 700x 00017 


K)X 100000 
700 X 15 


=133 3 

/=133 .3+17=148 3°C 

3 A specific giavity bottle bolds 50 giams of liquid at 30°C. 
How much will it hold at 100°C ^ [Cr= 00051, Cg= 00003]. 

Let the mass rem.'iined at 100°C=M gram 

Co=C/ ~Cg= 00071- 00003 


= 00048 


and 


Again, 


Ca= Here /n=(70— M) gram 
t= 100-30=70^0 


Substituting the values, we get. 


00048 = 


70 -iW 
M70 
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or 


-A/^70x *Ol»04S=:=nO—i\i 
(l-fO'033C')~.70 


or 




m 




\oJnme consist’s of a -hnlb nvho® 

‘H C IS Jvno\.n It js attcchcd to a sicm groduptcd an cc, 
Rt: The feax cn IkiiucI is fiilerl ,o (},e l,«Ib nud its it)Ioiac (F^J 

IS noted at say t> C* It isthen plttcedin a Ijatli laaiQTfiin- 
ed at r C ai,(l again its volume {IV) jsnoted. Apparent 
coenicient ot expansion is calonlnted ))v iho formula 

Vt>t * 

^ m Hydrostatic method i—Take a solid and Bud 
oiu Its n eight in air Suspend the solid in the gives 
iiqmd at 0 C and again find out its ■weight. Heat tlie 
iit|nid to t C and agaui find out the -weight of the soM 
nhen re is inside the liqmd at /"C. Trom these ohserva- 
tions Ca can he calculated as given helow, ' 

'^WosetUe loss in weight of solid lu' 

S^iA 1 ^ of solid at /''G==/w gram 

‘^os^cJcnt of cubical expnsion 

In both the cases, the appaicnt 105“! in weieht is 
equal to the weight of liquid displaced 

eight of liquid displaced at 0'C«wo gram 



Fig 2S 


Volurae of liquid displaced at 0"^C— -~o.c. 

- 

Again, weight of liquid displaced at rc=m gicm 


Volume of liquid disjjlaced at /'"C= --c c 

d/ . 

volumY^’alVuf 


Volume of the solid atO°G== 


mo 


do 


cc. 


and volume of the solid at Y’C==~i (» ^ 


Substituting these values in the formula 

jy=sj f}(l-^Cj). Tre get. 


//? ___mo „ _ 
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nto^ do 

m ~~dt (1 -f C 5 O 




= {l-|'0 /){l“Cjr./ )\ nopicctmg lufihei i>OMciA of 

= {H-(C/--Q)/ .} i Cg i ami Cl Cg r- 

«=1-| Cor 


Numerical problem : — A metal piece wcigin 50 grams in an and 
34 61 g tarns and 35 42 grams respectively when totally immersed m a 
liquid at I5~C and 65 C Calculate the coeff of lincai expansion of 
solid [Cr of liquid— 00119] 


HctCj mo~aO~P, \ giam*i 


timl /»=r)0— 3o 42= 14 aS gxnms 

, ,, , m l+Cg I 

mo 1 + Cr I 


01 


SubtiUiting the \ nines, wc get 

14 58 ^ 1 + Cg (05-15) 
1V59 1+00119(65—15) 

1 +50 Cg-= II (1 + 001 19 X 50) 


14 58 

15 39 


(1 0595) 


^ _ 14 08 y 1 0505 _ 
15'39 ' 50 50 


= 02007- 02 


= oooo' 


Calculations : — vg— 


00007 

3' 


= 000023 Ans 


log 14 58=1 1637 — ' 

log 1 060— 0253 
1 1890 
-2 8863 


log 15 39=1 1873 
log 50 =1 6990 

2 8863 


2 3027 J 

Anti log 2 3027= 02007 
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S' coefficient of expansion Gr:* 


“On Rccounf 'of 



(.IIV 

of expansion bj" the fel- 
low ingnjetho'd* A£CD 
i-5 ft Jong tube ofgk^ 
bent twice at right ang- 
les ns shonn in Fig 26. 
This tube is tilled with' 
nioic«r%’. AB and 
CD are siuionmlwl by 
outer jacket's Jjnnd Js‘ 
JSleam is chcniated in 
picket Jf and ice cold 
watei inXj InthiSAvay' 
the tcinporatoie of nier- 
cuiy Ml AB IS rC and 
in CD O^O Let the , 
height of metcury in 
AB above B be Hi and 
Ml CD above C be IJo . 
Since, BC is m the same ' 
horizontal liDO,preMure' 
atjffis equal to iitcksure 
at C JJ?bM , pressure at 
B IS equal to the af-^ 
niosphenc pressure plus 
tne pressure excited hjr 
the meicuij’ coluniii 
AB. VTc know that 
the picssure exeited by 
a liquid column isftdg. 
Let the atmospheric 
piessurehoPjtherefoie, - 
we have, , ' 

Pressuie at B 


and 

equatmgthetwo, 

or 


But 


Pressuie at C=P-}-^o.do g 

P^Ht dt g=P-i-Ho do g 

Hi.dt^Ho do 

j[o Ht 
dt ~ Ho 

do 

^7=1+Cr/ 




Ht 

Ho 
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oi 


o./== 



_ni-uo 
' Ho 
Jit-} Jo 
Hot 


.( 12 ) 


Knowing Hi nn<l IJo wc can fiml oui O Since the jnessure of 
htjuul clepenrts oiiK ujion height j( will not ho nffcctttl by the cxpnn- 
«;ion of the lube Tube i?C is kept nnriow that coiuluction of heat 
fiom J? to C IS nnninnsed 

Errors in (he Dnlong and Petit’s methods: — (i) The uppei Ie\cl 
ofmorcmyis not at the same temperature and the cm vaturc of the 
InAors will be dilfeicnt, theicfoie, it will be rlifbcult to icad the level 
{») Tomperntme IS rccoidcd b\ meicinv theimomctei* 

(hi) There is no stnnng ni rangcinent foi maintaining the teiu- 
peiatnre constant 

These defects were lomovcd by Callendei m his method 
A U-tiibc contains mercury, its limbs arc maintained at O'^C and 
JOO^C respectnely If the cold column were 60 ems high and the hot 
one J’OScms higher, what would be the coefficient of absolute expansion 
of liquid ^ 

Here Ho = CO, lit —ho = 1 08 ems , t = 100*0. 

O ? 


Cr= 


fft-Ho I OS 


Ho t CO X 100 


= 0J01S. 


§6. Callender’s method — Jn this method a tube HFBA CD EG 
-as show’n in Fig 30 is taken and ineicmy is filled in it Eveij’’ pait 
of the tube except CD is main- 
' tamed at 0°C bj'^ circulating oi 
diopping ice cold A\atei CD is 
sunounded by a jacket in wdiicli 
some oil IS filled which is mam - 
tamed at t°Ci by an electiic lieatei 
It IS kept well stiried by long 
electric stiirer& The temperatuie 
of the bath is noted by means of 
platinum resistance thei momotei s 
The height of mercuiy columns 
IS noted b^*^ a cathetometei which 
IS a tiavelling telescope 

Let the height of AB, CD, 

HF, EG be Ho', Ht, ho, h'o res- 
pectively 

As shown above, pressuie at C 
= pressure at A 

oi P-I-/ 10 ' dog+Ht dtg=P+ho dog+Ho dog 




4S 

or 

or 


But 
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V , 

Ht dt.gsujfo do g-{-//o do.g — ho.* do g ^ 
Ht dt~I{o do-{-ho do — ho *do ' ' " 
=do{Ho \-lio—h*.o) 
do Ht 

'dT 
do 


dt 


1-fCi /=-- 
Ho 


Ho-i-ho—h'o ’ 
1-hO t 
Ht 


Cr /= „ - , 
Ho-\-ho 


ho-h'o 

Ht 


fy—l 

ho 


Cr« 

In this r.av Cr can bo calcakted 
^7. 


Ht— Ho~-ho-i-h‘o 
Ho-\-ho—}7o ' 
Ht-Ho ~ho^ h'o 
(Ho-^'ho—h'o)t - 




O'C It water: — If vro ieat crater from 

isne^^ative ’tVli + ^ range, its coefficient of expansion 

expand Tbejlf^r increases beyond 4°0. it begins to 

to decrease “P and then it begins 

following mannei ^ proved by Hope in fbe 

J’a apparatus is shown in Fig- 31. » 

metal ci bnder suirounded by another cvlmdrical jacket A and 
it are tu o thermometers placed -^in it It is filled , 
vith "watei and the outer vessel is filled ^rith 
freezing mixture Before starting- the experiment, 
the temperature in both the theimometers is the 
^me Later on we find that temperature ofj^ 
laLs ^apidl3^ Because, w hen the tempeiature of 
water m the upper part falls down, it becomes 
heavier and goes down Tins process goes on tiH 
it becomes Xow , anj* further coolmg mcreat- 
esthevolume of water and decreases its density; c 
so it becomes lighter and it does not come down , 
iSow the temperature of A will fall down and ' 
free^^^^* P even wafer in upper part may . 


How life is possible in frozen seas : — We 
Know that large oceans in north and south are 
^ generally frozen .~t — x xi- - . 



fliMA « i.f« XI frozen throughout the I’eai 'Yet 

wi^^pr in them The leason is the anomalous eJ^ansion of 
fK X of water is above 4"C, cold water 

irom the top layer goes down and hot water from the lower laj*ers 
comes np Jn this way convection cunents are set and the whole 

. ’ r’ 


water 
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water cools <lown But, W’hc'ii tempeiatinc hccomcs J''C, nnv fuithcj. 
eoolujfi mnKos the water lighter and it will not go down till itficcres, 
while the wntoi helow it is at 4°C, 

Practical applications — {a) '1 Iicrmostat This is an 
appai.ilus made of gln^s. It is filled with liquid and is consliuctcd 
in hucli a way that when it is placed in a hot hath, the hquidcxpands 
and eonlrolK the supply of gas When the tompcratuie uses to a 
li\cd snluc the liquid expands in such a way that the supplj' of gas 
IS out off and the flame is almost evliuguishcd When the tem- 
perature falls down again, the siniply inei eases and tcmpeuituicripes 
In till', way tempcraluro of the hath is maintained at a constant 
^aluc 

(b) Barometric correction— (0 Correct ion clue to expansion of 
-a scale — t^eiici .illy the readings of a haromclei arc taken on hi ass 
fecalc which is correct at O’^C Thciefoio, when we take its leading 
at CC, theio will ho ponio ciror When a scale is heated hy CC, 
•exevy cm. of it hecomos H a r cm whore v is the hncai cooflicicnt 
of expansion Thercfoie, when obseivcd leading with that scale is 
Ht cm , actual re.adiiig will be lit (l+e^.I) cm 

(i;) Coriection due to \aiiation of density —When wo take the 
reading of h.iroinotor at /’C, the density ol meicuiy is less than its 
densit 3 at 0° and, therefore, the height of mercury column lequiicd 
to balance the atmospheric picssuio will ho moic Unless the readings 
arc converted m terms of mcicurj' column at 0®C it is not taken as 
standaid and cannot be eompaied with any other reading taken at 
some difTcront temperature If IIo ho tire reduced height at 0°C 
we have, 

Ho.do.gr=Ht (l+al) dt g 
or Ho=Ht .^{l-\-at) 

But, 0 

Ho=Ht {l-Cr t) {1+fft) 

=^Iit {l-{Cr-v)t} .(14) 

neglecting C; v 

(c) Exposed stem correction: — ^When we use a tlieiTnometei, 
only its bulb and part of the stem are placed inside the liquid Part 
of stem projects outside The thiead of mercury which is in the 
■outer part of the tube is at lower temperature than the bath If 
this had also been at the temperature of the bath, the readings will 
he somew’hat higher This coriection is known as exposed stem 
correction 

Suppose, the correct temperature is t, while the observed tem- 
perature 18 ii Suppose n divisions of the thermometer are exposed 
outside and suppose they are at room temperature If these 
n divisions are heated to t°C, thej' will expand by n Ca where 
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Ca 1$ tlie apparent coyiiicient ofcipan&ion 'iiitrctotCj thewrrrrt, 
tempcrdtoie t in gh en by . * * 

7«=/i*r«Or (/—/«> ' 

Since t‘ and are nearlv equal. ^\e can i>ut f, for t on right Imtitl 
side and re get. ■ ” ’ 

t=i^-hn Ca{ii~ts) .. 111 ) 

Numerical Problems : — 1 A mercury barometer has a brass scale 
lihicb IS correct at O^C. If the barometer reads 75 cms. at 20'C 
caladate its true height at OC I For brass a —’0^01 S and for merciuT 
Ct=- 00018) , " 

Here. iy,=7> cins 1=20 OOOOIS, Cr='0001S //<,=? 

=-75{l-(00flIb~ 0f»001S)2n} 

=Tri{I -0 000102X20} 

=75 > 00070 = 74 757 ems 


2 The stem of a thermometer from 40' upwards is outside the 
liquid, vrhose temperature the thermometer reads as 80'C If the aierage 
temperature of the stem outside the liquid is 50'C. and if Ca=^'VO0^^r 
find the true temperature of ibe liquid 

Here, n =80-40= 40 /2='j0% /, = 80‘ and C,.«0 00016 
Substituting these values m the above foimuld. - ' 

t~ti^n CaAti-Q 
=80+40 vO 00016) (SO-nO) 

=S0+40 x 00016 x 30 
=80+ 19200 
=S0-102'C 


QUESTIONS 


of s 


T pefine the cqefiicicnl of apparent ejtpansion and real expansion 

liquid and derive the relations between them (Sec §2). 

tne^ure the apparent coefBaem of expansion by 0)' 

thermometer (h) Hydrostatic method {5’eef4}. 

3 Prose (5cef3) 

Give Caltcnder's or Regnanlt’s method forn'casuring Cr " (Sje^S) 

4 Derive the expression for barometric correction and exposed siem 

correction for a thennometer {See ?S). ^ . i 

ff /' 'VVTiat do you mean by anomalous exoansion of water T How is it useful t 
\See§ ) . * 

Is’aiserical Quesfioss : — 



mercury in glass 


lAns~ 000141] 
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2 A wcuhi ihcnncmcter contains 51 grams of mercury at OC When 
rhccil in an oil bath 9rninsisfotiml topscffiow Tind the temperature of the 
hathirr CsOOlFantl 0-«- OOOtWi. |/1«j 1391 46=C1 

\ weight thermometer contains 500 grams of mercury at 0~C What mass- 
of me'curj will nvcrtlow if the temperature is raised to lOO’C fC«=- 0C0I5t 

\An<; 7 389 grams] 

4 A cohn.n of mcrcurs 7<i 35 ems at 100 C b dances anothcrcolumn 75 ems 

atOC Calculate the cocihcicnt of real expansion of mercurj [Ant 00018] 

5 \ Tortin’s barometer reads 75 3Scms at 30’C Find the reading of 
bsronclcr cornxlcd for temperature at 0 C t"* for brass=- 000018, Cr— 00018} 

[Ant 75 01 ems 1 

(! Tile bulb of a mcrcurj thermometer and the stem up to 0’ mark arc 
immersed m hot water at 100 C while the remainder of the stem is m the air at 
20 C What will be the reading of the thennometer t [/Jmj 98 77’C] 

T \ piece of glass weighs 47 grams in air, 31 53 grams in water at 4''C and 
31 75 grams in water at 60'C Find the cocllicicnt of expansion of water 

[Ant 0000276] 
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CHAPTER VU 


EXPANSION OF GASES 

7 ^ ^®^*’®^***'^*o** • — While considering the expansion of solids 
sancl iKiiuds Ave have not considered the effect of changes in pressure 
^n volume, because this effect is negbgible, But u hen ■we come to 
the case of gases the effect of pressure is "well marhed It has been 
-shou n by Boyle, that In* increasing the pressure, volume can be 
reauced to -j etc and by decieasmg pressure it can be made 
inanj’’ loid Therefoie, the volume of a gas is not meiely a fuucfaon 
ot temperature but of pressure as well In fact, we can h^t a gas 
m two waji’s— -at constant piessnre and at constant volume In the 
first case, volume will in ci ease and in the second case pressure uiU 
ineiease In this way, Avehave tu o co-efficients of expansion (i) Volume 
coefficient of expansion cr and (n; Pressuie coefficient of expansion p. - 

^ Coefficient of expansion (a) 7/ is defined as the 

f //; lohane for 1 rise m temperature to the 

^ pressure lemauinig constant Xet Vo and Ft 
mes of the gas at 0°C and t'^C lespectiveh’ then, we get, 

, _vt~-Vo : 

^ Vo t~ ' „ 

or F/=Po{l-f(/0 - ..(2)' 

Coefficient of expansion ,B 7/ is defined as the ratio 
/retrr^Tc'\.S,7r^ t^'mwZloVe ongmal 

pressures at 0 G and t 0 lespectn-ely, then we have, ' ■ ’ 

a__Pt~Po 

^ Pot •• 

or Pt=.Po (l-f p.r) ; ^4) 

^ :-Coas.der a .certain macs of a 
Ift Its pressure. Tolmne and temperatnre- 

so alt '>“* ‘h® sot at oonstaTat pres- 

sure ro so that its temperature becomes r= i e (To -Pt) and volume 

becomes Vt , then according to equation 2, Ave'eet 

Ff=F, (l+a^) ' S , 

” 

that beeping its volume constant so 

to equation ^4)' ® ^ ® pressure becomes Pt, we get according ' 


or 


Pt=Ro (1+p t) 

Pt 
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If wo compare (2) and (3) state M'c find that temperature is 
constant and ^\ c can apply Boyle's law. 


or 


Po, Vt=Pt.K 
K _P, 
K~Po 


• •• 


(7) 


From (5) and (6) we got 

l+a^=l+p^ 

or a=p ...(8) 

Thus a IS numerically equal to p. 


§ 4. Absolute zero and absolute scale — Experimentally the 
value of a and p comes out to be 7^3 If we substitute t=— 273 
in equation (2) and (4) we get, 

Similarly, Pe=Po | 1+ ^3X(-273)| 

= P „{ 1 ~ 1}=0 

Thus we find that at — 273°C the volume occupied by the gas 
will reduce to 0 This is impossible and hence, this is considered to be 
the lowest temperature and is known as absolute 0 If we take 
this point (— 273‘’C) as 0°, then O^C will be read as 273° and 10°C will 
become 273+10 r e 283° and so on This scale is known as absolute 
scale or Kelvin scale because it was first suggested by Lord Kelvin 
One degree of this scale is equal to l^C but it differs only in its 
lowest point l°0= 273+/° absolute Generally, absolute tempcratuies 
are denoted by capital T The relation between absolute and other 
scales IS shown in Fig 4, Chapter 2 


§5. Charles’ Law — If temperature is recorded in absolute 
scale, equations (2) and (4) can be written as shown below — 

' >) 


or 

where 

and 

Similarly, 


(1+ 27S 

V 273 / 
T 
•*0 

Vt^T_ 

Vo To 
r=273+/'C 
To «273+0°C 


. (9) 
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76 cm pressure These arc known as normal temperature and pres- 
sure and aio denoted bj' N T P Gcnorallj^, constants like sp gravitj^ 
sp heal, etc of a gas ore given at N T P 

§7. To calculate the ^alue of gas constant in a few cases: — 
Numerical Problems : — 1 Calculate the constant for one gram 

of hydrogen (G/ve/j, the density of hydrogen at NT P is ’■0899 gram 
per litre and density of mercury is 13 6 grams pet c.c ). 

According to gas equation, w c Uoa o, 

To 

Hero Po=lG cm of mercury 

=76 X 13 6 X 680 dynes per sq om 
= I 01 X 10® dynes poi sq om. 


1 / 

do 

= 0890 '“'^ 

1000 

~ 0899°° 

Jo^O’O 

=273 absolute 

Substituting these values, W'o get, 

„ 76X13 6X980 .. 1000 

273 ^ 0899 

76X136X98 , , 

“ 273X899 " 

=4 126 X 10^ ergs per “0 

Calculations: — 

log 76=18808 log 273=2 4362 

log 136=21335 log 899 =2 9538 

log 98= 1 9912 5 3900 

6 0055 
—5 3900 
0 6155 

Antilog 0 6155=4 126 

2 Find out the gas constant for 1 gram of air. {Given density 
of air at NT P =1293 giam per litre and density of mercury 13 6 
grams per cc) 

As explained m above example, 

„ 76 X 13 6 X 980 _ 1000 

273 * 1 293 


273 1 293 

76x136x98 
- 27.3X12030 

= 2869 X 10^ ergs, per degree centi rade,” 
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B, Find out the value of gas constant for 1 gram mokcuk of a Sfn 

at IJv T P >S^shT«tfna*rtr?^^^ molecule of a gas oceoples 22 % 

c 1 IS value of m the gas cquafjon, ue ' 

n 76x13 6x980 ' ’ 

273 X 22 4X1000 

=8‘3 X 10’ ergs, 

sion-RcgSaTl?f,Sftod1^‘Sl.™H™^^^^ 

<« «> ?*-.?« ,(3S) B « a la-s 


pansion- 



Rg. 33 


t B IS ^ 

bulb of glass of inowD 
volume. It IS connected Ej 
means of a capiUarv tube to 
a tJiree ^^av stop-cock and 
a gratluatcd gfess cylinder 
A side tube /"is atta'chcd 
to D and a stop-cocb E is 
6s:ed at the loTrer cnd» 
CyJmdei D and part'Of tbc 
tube F IS placed in a ivater 
-vn 5_3>>' - bath maintained at consfant 
- /'^e temperatnre. Meroiiir is 

‘filled in Z> and F, ' 

Working :~First .of 
all ire connect the bulb B. 
and cylinder 2? to' tbc 
haust pump by putting tbe 
sfop-cockin position (1) and 
fake out tbe air -Ol’en fill > 
tbe experimental gas^ in it 
Turn the sf op-coefc in position 
(2) so that B is in contact 
111 th i> and cut out firom 
external source Tbe bulb 
is then placed m melt&ig 
ice and by adding mercury' ' 
m F ox talcing out from Ef 


the level is adjusted at thp r m F oi taking out from B 
level of F and IS read bv LfSf ^ ® cylinder ' The diffeience rt 
Jeam and after some fame The bulb is then placed‘ir 

the difference m level m F so adjusted that 

n after, remains the Kim*, v y*® ®»mc: it means pressure 

B The difference of the tno ^ote thereadingin the cylindei 

Original volume is knoirn increase in voluma 

i-romthesetr can be calculated ' , 
«= - ^creaae in volume 

volume at 0^><7 

oources^ of error t ffl Parf <• « - 

cylinder Z> is at loirer tempeJatwe fuTje and 

H ure than the bulb, (w) Some gasjs 
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enclosed in tube D and capillar}' tube whoso volume is not included 
111 Vo (ill) Bulb also expands duo to heating 

§9. Experimental determination of pressure coefficient: — This 
can also bo detoi mined by the same apparatus In this case liquid 
bath IS useless and the graduations are not necessary A pointer is 
attached in D as shoun soiiarately at A The gas is filled in the bulb 
in the same mannoi The bulb B is placed in molting ice and the 
level of meicuiy is adjusted in such a way that it touches the pointer 
The reading of the level in D and F is taken by catlietometer Then 
the pressure of the enclosed gas is equal to atmospheiic pressure 
± the dilTcience in level m F and D, Fo=(F±^di) Tins is Now 
place the bulb in steam and again adjust the mercury in such a way 
that it touches the pointer Bead the difference in level again 
Find out the pressure of the gas Pioo hy the relation Aoo=(F±if,) 
Calculate P by the following expression 

a F 100 Pq 

.P„X/ 

Note: — When the level of mercuiy m F is higher than in 
D.+sign IS taken , when the level of mercury m F is lower than in 
D, -sign IS taken ^ 


§10. Constant volume air thermometer :— The piessure of a gas 
ifer^as 


increases with temperature 
for measuiing temperature 
same manner as expansion 
mercury has been utilised in mercury 
thermometeis These thermometers 
are know'n as constant volume air 
thermometeis 

Construction • — The thermo- 
mctci IS shown in Fig 34 A is a 
big bulb of known volume connected 
to a cylinder C through a stop -cock 
V A pointer P is attached in C C 
13 connected to another reservoir B 
through a rubbei tubing As explain- 
ed above the air fiom A and C is 
exhausted and then dry air is filled 
in A Meicuiy is filled in C and B 

Working* — Place the bulb in 
melting ice and adjust the reservoir 
B in such a way tliat mercuiy 
touches the pointer P Take the 
reading of mercuiy at B and P on 
the scale fixed on the stand Find 
the difference in levels (di) , then the 
pressure of the gas is P±<fi, where 
P is the atmospheric pressme Place 
the bulb in steam and again adjust 


This property of the gas can be utilised 
in the 
of the 



Fig 3*1 
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the reservoir m B till the mercurj’’ in C, touches the pointer P '-Again 
note the difference in level and find out Bi^—JP+do A^ow place 
the bulb in the bath whose temperature is to be dctcimiiied Pin^ 
out the pressuie P< in the same manner Then the coriesponding 
temperature t can be calculated as shown below 

Increase in pressure for 100° rise in tempeiaturo 

“■^100 — ^0 


Increase in pressure for 1° rise in temperatuio 

— -^Too — pQ 
100 ' 



Again inciease in pressure foi /° rise in temperature 

=Pt-Po 


Increase in pressure for 1° rise in temperature 

_Pt-Po 

‘ t • 

TSquating (i) and (//), we get 



Pioo — Po P t—Po 

100 t 

... (//) 

or 

Pt—P 

B XlOO 

■r 100 — -*0 

...(14) 


The above apparatus can 
be used for finding out p also 

We find out tie 

value of piessure corres- 
ponding to various tempera- 
tures and plot a graph between 
pressure and temperature ^ 
shown in Fig 35 From the 
graph, Po can ho found ovt 
and then p can be caloulatw* 
[For greater details 
aulhor’-s Text Book of Practical Physics], 

§11, Standard hydrogen constant volume thermometer;—!^ 
lumciple and w orking is the same as that of air thermometer. There 
are a few modifications to make ^ it more suitahle for practical 
application The thermometer is shown in Fig. 36 JB is one .metre 
long bulb of an alloy of a platinum and iriidium of capacity 
one litre It is connected to M by a narrow capillary. An ivorv 
pointer P is fixed in M. M la connected to 'anotlicr cydiadncai 
tulie A/' which is connected t-o a resen'oir P which can be 
or lowered Dry hydrogen gas is filled in B and mercurj' is filicn 
in M, M‘ ax\A P A baroiuetiic tube bent as shown in the figu'^ 
h filled with tneroury and im*crtccl m M' and is fixed in a htann- 
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Tl*i^ »»-;.<< th< of n hArtHiiPfor. Tl»* nfjnftdin 

ift *!>!•' Uil «' \f‘ {M\< s t!io ^nh^l' «»r A(ino iihorjo jur •'.suiv, 

Principte; — It- Jl»«» rr — — 

of itn tlurnwnnutcr y 

wlitrli lu^ n fli J [j 

Jf /V. ihfpn I 

<»f tho fss t«*rrisj't>mhtir' It* t<m- 
}>f'rrtHin'() , Idd' «jj»I / . fJicn the f 

HJthnowji t< Jti}*' J nli\ J 

» ICfl"* * o I fi 

^^orK^nI*; — ri.ice the hulli | 

B m mdtuji' ir« ntjd ntljust the ^ J. 

n“^n«ir /? tn *«tich n unj llml t~T t 
nuTitjrv in M lonehoUlu pointer “If 

P Now* the prts'-tirt* of the on- j » M*- 

« pn*! i*! equal (o ntino<<i»lienc jB g 

pre.»-ure-i-th< ilifTcienoe in Io\el p fp ■ ■■ — ^ 

hetween \f Mvl AP Atino^phorio ^"’r 

pres-nne IS pi\en h\ thctlitTerciu’c . 

in level hitwwn ’// nml M" f, 

Therefore, the pressure of the on- |i t 

closed g.m is diiccth gircn hv the 

diflcrcncc in lc\el hot ween // niid 

M This diffcicnce is diroctlv n^^sLil 

read bv means of a cnthctoinclcr 

This gives Po \\ 

Place the bulb in steam at 

100®G nml again adjust the re- * — * 

servoiri? sueli that mercury* in M p,g 35 

touches the pointer P Again read 

thedincrcnce 111 lc\el of lueicui^' between M and // This gives ^ 100 

PLicc the bulb in the bath w’hose temperature is to bo dctei- 
mined and again adjust the level in M so that it touches P and read 
the difference This gives Pt 

Calculate t by the following formula 

Pf—P 

/=/^XlOO 
^ •* 100 • o 

'“Advantages of a gas thermometer over a mercury thermometci * — (i) 
The range of a gas thermometer is ver3'laige[fiom— 258 ‘’Cto 1600 ®C], 
■while a mercury thcimometcr can bo used from— 30 “C to SaO'C only 
(h) The coefficient of expansion of gases is moie than that of 
mercury and, therefore, expansion of a gas will be moxe tin ri tliat of 
mercuiy and hence, percentage error will be less in reading it 

(ill) Coefficient of expansion is the same for all '^ases and, 
therefore, purity of the gas will not affect the result This is not the 
case with mercury 


Fig 36 
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(iv) Expansion of hydrogen is more tegular than mercuty, 
therefore temperature read on a gas scale w ill bo nioic accurate than 
that read on a mercury scale. 

(v) There is no question of change of rero rending 

{^0 Bj' providing the bent barometric tube the total .pressure 
IS known only bj*’ leading the level at 11 and thus the number, of ob- 
servations IS reduced Theicby the chances of errors arc eliminated. 

■V, Disadvantages : — (i) It is very big and cumbersome and cannot 
be used conveniently 

(ii) It IS not direct reading. 

(ill) The bulb is very large and, therefore, requires large amount 
ol substance and m that case it becomes difficult to maintain the 
temperatuie of the substance uniform throughout 

, . ^ gas is not at the same temperature as that of 

1 C bath Here the bulb is made largo enough so that the amount of 
air in the capillary tube may be negligible in comparison to the bulb. 

This thennometer is theiefore not used for day to day puiposes 
but is empIo 3 red lu national laboratories to standardise mercury 
thermometers and is, tberefoie, Icnown as standard thermometer ' > 

Problems I The pressure of air m the bulb of a 
n^r 7 fJ!' f^^efnio}7ieter 7S 73 c/ti. 100-3 cm and 778 cm, at 
0 C, 100 C and tC respectively. Calculate the value oft. 


? oX 100=17 6°0. 


2 . 


^loo-r'o '100 3-73 

A sample of gas occupies 100 c,c at 18°C and 72 ciiu 
pressure and a volume of 200 cc at 90° C and 45 cm pressure Cal- 
culate the coefficient of expansion, assuming that the gas obeys Boylds 
law and e \pands uniformly at constant pressure. - " 

Since we have to find out volume coefficient of expansion , wc 
should know the volume of the gas at QO^C and 72 cm pressure 

Applymg BoljVs law, we get, 

Pi Pi=P* V, 

72^1=45X200 

17 _ 46 X200 6 x 200 

-g 125 0 0 



72 “ 

Now, 

Pbo^Po (l-f-«90) 

and. 

(1-f «.18) 

m 

• » 

^0 1+oc 90 

Pis i+« 18 

Here 

Pbo=125 c c Pi 8= 

t-lie values, we get, 


125_ l-f90« 
100. 1-1 18a 



CHAP VIl] 


PXPANSION OF GASES 


61 


or 5 (l + 18a)=4 (l+90«) 

90a-3C0a=4-r) 
or — 270a= — 1 

“"270 

3 The volume of a certain mass of air is WO c c at 20°C. What 
H/// be Its \oIume at 5(fC. 


Wc know that k' = ^ 

r 2 1 2 

Here 7’i=273 + 20=293, Fi=100 c c 

T . =273 +50 = 323, ^ 3 =’ 


Substituting tlie values in the above equation, we get. 


or 


Vi 323 
100x323 
® 293 


= 1103 cc 


4 A flask containing air at the atmospheric pressure is corked 
up at 35°C and heated in an air bath. A pressure of 3 atmospheres 
inside the flask will force the cork out Find the temperature at which 
this will happen 

We know that ^ ^ 

*2 ■‘2 

Here ■Pi=l atmosphere, 7’i=273+35'’0 

P2=3 atmospheres, 78=? 

T\ Px 

T2= Jx7’i= -pX308 
=924 

f2°C=924-273=651°C 

5 At NT P the volume of some oxygen is 175 cc Find the 
volume at 5rC, when the barometei reads 75 cm 

According to gas equation, 

PWi P 2 V 9 
T’l “ T, 

Here 7’i=76, ri=273, and Ki=175 c c 
P2=75 cm , I'2=(273 i 51)“C and ^ 2 = ? 

P 2 V 2 PxVi 
Ti - T, 
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or 


Ti P5 

Substituting the values, vre get, 

P 76 924 J75 

=210 4 cc 

Calculations: — 

log 76=18808 
log 324=2 5105 


log 175 =2 2430 
'6 6343 
-4-3113 


log 75=1 8751 
log 27.3=24362 
43113 


2 3230 

Anti log 2 3230=210 4 c c 

6. Calculate the change in volume during the expansion of one 
gram of hydrogen when heated from 25°C to 26’^C against the atmospheric 
pressure ofJmilbon dynes per sq. cm. (R=S'3 x JCP ergs f gram moleoite). \ 
From the gas equation, we have. 

P^s^Rn 

PiV,-V,)^RiT,^T,) 

P{T^-T,) 


or 


Here 




P ■ 
83X10* 
2 


P=I0% rs-ri=26-25=l. 
Substituting these values in the above equation, we get, 




8'3xl0'xl 


2xi0«' 
8 3X10 
“ 2 
=41 5 C.C. 


QUESTIONS 

* or expansion How \«I1 vou detennine it «* 
penmen^alEy ? (&cf2and§S)- 

* ^ *?*5i^*®”* of expansion Hon wilHou determine it ex- 

psnmentaliv * (See §2 ard |9) " . , 

3. Prose that a=,'j, (See|3). . . 

4 Iterise the gas equation and find oat the value of gas constant for I gram 
molecule of any gas. (See §6} ^ 

Ossciibe the construction and working of a constant volume air thenno* 
nifitcr or a constant a olume hydrogen thermometer. What are its adv antages over 
mereury thermometers and niat are its disadvantages S (See |10 and 1). * 
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6 Wlial IS absolute scale or Kelvin scale (See §4) 

Numerical Questions: — 

1 A volume of SO c e of air at 15‘‘C is expelled from the bulb of a constant 

pressure air thermometer by changing the temperature from 0°C to 100®C Calcu- 
late the temperature when 10 c c arc expelled neglecting the expansion of the bulb 
(a=?iT) [Am 3“CJ 

2 In a constant volume gas thermometer, the pressure is 54 6 cm at 0°C 

and at 100°C it is 74 4 cm If the coefTicicnt of volume expansion glass is 00003 
Find the cocfhcicnt of increase of pressure of gas [Am 0 0036] 

v^-^The mercury level in the closed limb of a constant volume air thermo- 
meter stands at 30 cm and that in the open limb at 32 4 cm when the bulb is in 
melting ICC, 61 1 cm. when in steam and 224 cm when in freezing mixture Find 
the temperature of the freezing mixture [Am —34 84°C] 

4 A gram of perfect gas at 27°C has the prcssurc“on it halved and is then 
cooled until it occupies the same volume as at first, what li the final temperature ^ 

[-123‘’C] 

5 1000 cc of a gas has a temperature of 2rCand a pressure of 798 mm 
Find the mass of the gas if the density of the gas at N T P is 1 2 gram per litre 

[/l«j 1 17 gram] 


CHAPTER VIH 

t 

VAPOUR PRESSURE 

§1. Introda^ion: — Every liquuJ boils a particular temiiera- 

ture knoun as boiling point but it evaporates more or less stall 

temporaturcs When ■'iic put over MCt dolhes 
t\ eri ui i-hade they are dncfJ up The afn 
fiom lakes and oceans is constantly 
evaporating, 

§2 Vapour pressure : — Just as air 
everts pressure in the same way vapours of 
every lii|Uid exert iiressurc, TliH can ba 
demonstrated by means of the following 
experiment >4 and B are two haroinetnc 
tubes filled with mercury [S^eVig. rl7{o)3 The 
height of mercury in each tube is cijual to 
almosphcnc pressure, Xov introduce a few 
drops of a liquid, s,av water, bv means of a 
bent i«petto m tube J9. Vi'o shall tcc that 
the drops of watci go up and then evapo- 
latc in the upper spate The iovel of 
niercurj in B falls, down. It shows that the 
vapours of water exert pressure. Tins 
pressure is equal to the diiTcrciice in lovelpf 
the mercury m (he tw o tubes This pressure 
is vapour pressure or vapour tension 



Fig 37 


|3. Saturated and unsaturated ^ apour Li the above exiieriment 
as wo introduce more and more water the level in B will fall more and 
more rbis means that the vapour piessnre of a liquid depends upon 
■Z. vapour contained in a given apace 'if wV go 

introducing w'ater in the tube Bit will be found that after a certeiri 
s age no moie water evaporates. The space above mercury' has 
become saturated with water vapour Any cxfia amount of water 
will remain floating on the mercury. T//e pt assure exerted by tbe 
lapour m this condition {when the space is saturated} is maximum and 
IS knoMn as saturated vapour pressure. 

Saturated vapour pressure and temperature In the above 
' experiment when the space becomes saturated with vapours, if tv® 
+T tube w’c w ill find that some more hquid evaporates 

and thelevel goes on fallmgdown till again the space becomessatura- 
't€€l \7itu vapours ut tli&t tcxQporsttjr© 

It shall s that saturated vapour pressure increases with temper- 

ature 

2f we start from the condition when the space above 'is un- 
saturated 1 e no water drops are present on the meronry surface 
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and go on cooling the tnhe•^^c slinll find that iiftci sometime drojis 
of Mat Cl vill appeal to condense on the surface and the simcc Mill 
become •saturated at a paiticular temperature Thus imsaturaled 
\apoun can be made saturated at lower temperature 

If Mc take unsaturated vapour and heat it, volume remaining 
constant, presssme Mill increase In the same M'aj’’ if, m’o cool the uii- 
saturated vapour, picssurc Mill decieaso till at a particular temiier- 
ature the vapour incssurc is equal to the saturated vapour pressure 
and bcloM this the pressure falls laiiidly Mitli temperature accord- 
ing to fall 111 saturated vapour pressure Mith temperature It follows, 
therefoie, that volume remaining constant, unsatuiated vapoui pressuie 
^anes with temperature {Charles’ law) 

Saturated \apour pressure and the space available In the 
above expel iment M’hen the space above mercury is saturated at a 
particulai temiicraturo, if m c iiush the lube B inside the cistern so 
that the space above is reduced, moic liquid Mill condense but the 
difference 111 level of the two tubes Mill remain the same, [See Fig 37 (Z>)] 
If, on the other hand, mc pull out the tube, more liquid will evaporate 
and again the diffctence m’iII lemain the same It shows that saturated 
vapour pressure does not depend upon the amount of <;pace available 
1 e , upon its volume so far as temperature remains constant That 
IS saturated vapoui pressure is independent of volume Therefore, 
It does not obey Boyle’s law 

If MC stait our oxpeiimcnt M’hen the space above is unsaturat- 
ed and change the available space, mc shall find that M’hen vre in- 
crease the volume, pressure will decrease and mIich mo deciease the 
volume pressure m ill go on increasing till a stage is reached when 
the space becomes saturated M’lth that much amount of vapour 
and any fiuther reduction m volume will not change the pressure 
Thus we find that unsatuiated vapours obey Boyle’s law 

If M e take unsaturated vapouis in a cjdinder and increase the 
pressure, temperature i cmaining constant, volume will decrease as 
in the case of Boyle’s lau' After a certain stage, m hen the volume 
IS reduced to such an extent that the space becomes saturated, any 
further increase in pressuie will start liquification 

Thus, we conclude the follouing results. — (i) Every vapour exeits 
piessuie which depends upon the natuie of the liquid 

(n) Unsatuiated vapoui pressuie depends upon the amount of 
vapour, amount of space available i e , volume and tempei ature 

{ill) Unsatuiated vapours obey Boyle’s hw and Chailes’ law 

{iv) Unsatuiated vapour can be made satuiated by adding more 
vapow, by dea easing temperature or by decreasing volume in 

(v) Satuiated vapour pressure is the maximum vapoui pressure 
at that temperature. 

{vi) Saturated vapour piessure does not depend upon the amount 
of liquid or amount of space available but depends only upon tem- 
perature 
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(\u} Saturated vapour does not obey Boyle's and Charles' law. ’ 

(ii7i) Saturated vapour can be made unsaturcted by ‘increasing 
the ^ace or temperature. ' 

Isothermal cnrres : — If we study the relation betireen Tsponi 
pressure and volume at a constant temperature, ire shall get curves 

as shown in Fig. 38 The curves 
are shown for CO^ IHiese are 
known as isothermal curves li 
we start from A as weincreass 
pressure volume decreases as in 
the case of gases till we reach J? 
Here condensation begins , and 
a shght increase in pressure iriU 
result in a large decrease in 
volumes because liquids occapj 
much less space than vapour. 
At C. the whole of the vapour has 
been converted into liquid Any 
further increase in pressure results 
into a very small decrease in 
volume, because liquids are in- 
compressible. If we plot this 
relation at some higher fan- 
perature. we shall get a similar 
curve EFGH but the honzontai 
part GF will be smaller. If 
go on increaseing the, tem- 
Fig. 58. perature. the horizontal part is 

reduced to apoint (0 only. The 
pressure required to hquify the vapour at this temperature is known 
as critical pressure and the volume occupied at this temperature 
aud pressure is known as critical volume If the vapour is above 
this temperature, it cannot be liquefied whatever may be the 
external pressure applied. IVe call such a vapour a gas. The^- 
fore, there is no fundamental difierence between a vapourand a gas. 
Aboie critical temperature eiery vapour is a gas, belmv critical tem- 
perature e, ery gas is a vapour. « - 

Since, the crifical temperature of carbon dioxide ammonia, 
imier t lan room temperarure they can be liquified by the applica^n 
of pressure alone. While in case of nitrogen, hj'drogen, helium’ 
etc . t.ie critical temperature is verv low and unless the gas fe. 
prc-coole.i below that temperature it cannot be liquefied by the 
appreatron of pre.-'sure alone. Therefore, thev were called pennsnent 
gases by early e-xpenmenters. 

§ 4. hletlieds of measuring Vapour pressure at dificrenf teoi- 
peralures : Though the utmeipie and working of these inetliod? is"' 
the y-»me ns dwcus-^ed above, yet thev ratr in minor details in the 
method 
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(?) BcIom 0®C : — ^In this case, the haromettic tube B is made in 
the form as shovn in Fig 39 The liquid is placed in the bulb C 
•which IS placed in the frce/ing mixture The difference in level oiA 
and B gi\cs the vapour iircssurc of the liquid at the temperature 
of the mixture 


(n) From 0 to 50®C : — In this method, both the tubes are 
surrounded hy means of an outer jacket A liquid is maintained at 
constant temperature in the jacket The given liquid is introduced 
111 C till the space above becomes saturated and some liquid remains 



Fig 39 Fig 40 

floating on the mercurj’’ surface The difference in level m the tw o 
tubes gives the vapour pressure of the hquid at the temperature of 
the bath _ 

For measuring vapour pressures above 50°, these methods 
are unsuitable For this purpose a different principle is used 

§ 5. Relation betiiccn vapour pressure and superincumbent 
(external) pressure acting in *thc liquid — Whenever a liquid begins 
to boil at any particular temperature, the satin ated vapour presswe of 
that liquid at that temperature (boiling point) is equal to superincumbent 
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pressure We also Jtnow that the bojling pointy of a liquid 
vanes with the external pressure acting in the liquid. By varying 
this pressure, a liquid can be made to boil at any temperature and 
then the external piessure acting on the liquid is noted. This will 
be equal to the vapour pressure of that liqmd at that temperature 
This method is known as Djmamical method ' . .. 

Ramsey and Young’s method — Description ; — {See ¥ig 41). 
a wide boding tube H is a, thistle lunnel and T a thermometer S ib , 
the stop-cock of the funnel. The experimental hquidris filled m the 
funnel. The lower end of the funnel is drawm out to a fine point , 



Fig 41. 

nhich IS near the bulb of the thermometer The bulb of tiu 
thcrmometei is wrapped round with glass wool or asbestos, U 
a large bottle immersed m ice and C is another large bottle ■Af is ^ 
manometer A, Band C are connected to a pump through the tube i 
and stop-cock D A is placed m a batb G containing some liquid. 

Working : — Heat the liquid bath G, a few degrees higher thai 
the boding point of the experimental liquid at a given pressure Pro| 
Ibe bquid from the funnel slowly As soon as it drops on the bull 
it evaporates on account of the largo surface Wlien the temp^ra^ri 
of the thermometer becomes steady, the pressure from the mnnonoot'Ci 
IS noted This gives the vapour pressure of the hquid at the tei»r 
peiatine given by T A series of readings are taken by varving tlu 
external piessnre Bottle B collects the liquid again and bottle v 
IS provided for stabilising the piessure. This method is knOn n as 
Dvitamical method 

* ' QUESTIONS 


1 Define \apour pressure and saturated \’apour pressure. {Ser § 2 arid §3) 

2 Unsaluratcd vapours obey gas laws while saturated \’apours do not ot*: 

Explain (5lpc§2> * 

3 What js the difierencc between a vapour and a gas (i'cc 1 3) , 

4 Describe a method for measuring S V. P between 50 and lOO'C. (Sfif 
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^l. H>gromc(rj ; — Wo know that on n hot smnmei day wo 
do not feel ns much bluffy nsonarnin^ day when the tcmpcrntiiic 
coinpnrntnolv less Tins is due to tho amount of water vapour 
Xircscnl m the atmosphere The study of water vapour iiresont 
in the aimosphero forms an important part of weather conditions 
and air conditions This science is known as Hj'giomctry 

^2. Rclatnc humidity : — The amount of moisture present in 
one at. foot oj space iv known as humidity. But m actual case h’c are 
more concerned with rclatixe humidity than with absolute humidity 

Rclatnc humidity: — It is defined as the ratio of the amount of 
Mater vapour actually present at any temperature to the amount of 
moisture required to saturate it This is generally^ oxpiessed in 
percentage 

Amount of moisture actually pi c&cnt 

Thus, /?// = .- —r~ — X '“I XlOO . (1) 

Amount of moisture required to satuiato it ' 

where ;n= Amount of moisture actually present, 
and M ssAmount of moisture required to saturate it at the same 
temperature 


§3. To find relative humidity: — ^In order to find relative 
hiimidity’^ w e use chemical hygrometer Tho apparatus is shown in 
Fig 42 

A IS an aspiiator 
full of w'ater B and C 
are tw'o tubes carrying 
calcium chloride D is 
a catch bottle contain- 
ing sulphuiic acid B 
and Care first w'cighed 
and then connected to 
D The tap T is opened 
and water is allowed Fig. 42. 

to run out Vacuum 

will be produced inside A and air from outside will rush in through 
the U tubes After some time mark the level of water in A and 
weigh tho tubes jB and C again , the difference of the two w'Cights gives 
the amount of moisture actually present m a ceitain space Again * 
the aspirator is filled with watei and the weighed tubes 5 and C are 
fixed to D Again the tap is opened and the water is run out to the 
same level This time the air from outside will fiist bubble through 
w'atoi m another bottle before enteimg C and thus will become 
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saturated "srith moisture jigain •we find out the weight of J? and 
the difference of weights, this time, gives M Eelative humidity is 
calculated hr the formula 

RH.=~X100. - 


§4. Relation between Relative humiditj- and vaponr pressure:-^ 
We have read in the previous chapter that the vapours of a hquic 
exert pressure, therefore, •water vapour will also exert pressure. This 
vapour pressure is proportional to the amount of moisture present 
tn the space Therefore we can also write R.H. as shown below], . 


KH.^ 


Amount of moisture actually present 
Amount of moisture required to saturate 
_ Actual vapour pressure ^ 

Saturated vapour pressure ^ 


XlOO 


.. (2j 


§5. Deu point : — Generally the moisture present at snj 
temperature is not sufficient to saturate the space. But, if, we go on 
cooling the surroundmg space a stage may he reached when that 
verv^ amount of moisture may he sufficient to saturate the same space 
If we cool the space further, condensation will start and drop ot 
moisture will appear. This temperature at \ihicli condensation starts fs 
knonn as de,\ poml It follows that the actual vapour pxessure at 
any temperature is equal to the saturated -vapour pressure at dew 
pomt. Therefore, equation (2) can be modified as below— 

* RH — Saturated vapour pressure at dew point ^ 
Saturated vapour piessure at room temperature - 

Standard charts are available which give the values of 
saturated vapour pressure at different temperatures Therefore iu 
order to find relative humidity we require the determination Oj 
dew point. 

§<j. Determination of dew point by Daniell*s Hjgrometer:— Two 
buibs A and Bare connected by means' of a wide tube as shown uj 
Tig. 43. Ttet, air firom the bulbs is removed 
some ether is placed in. Bulb A contains 
and bulb B and rest of the tube coiJtam ethci^ 
vapour. A thermometer is placed in A. The outc^ 
portion of A is silvered. Another thennoinet®^^ 
fixed on the stand This will give the room 
peralure. A muslin cloth is tied on B and ether 
dropped over it. When it eVaporafes, cooling •-** 
produced and some of the ether, vapour in B 
denses Tacunm is created in B and ether 
evaporates Due to this, the sides of the bulb 
are cooled down. Go on domg this till some 

appear* on bulb A^ Kate fhis'femjperaiure. A^r 

allow the muslin to diy and mist on A •win 
evaporate Xote this temperature again, , 
tiicsn of these pve * the dew 
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Defects of the experiment : — ( j) Ether, which evaporates outside 
c ontaminates the air and this affects the bygrometric state of air. 
(//) It is not possible exactly to find wlien does the mist appear 
\ui) The temperature given by the thermometer mav he differoiit 
fiom the temporatuio of the surface of A (J’f^ Outside and inside 
temperatures are not the same ^ 

§7. Regnault*s Hygrometer;— The hygrometer is shown in Fig 
44 A and B are two test tubes carrying silver thimbles at their 
‘bottom A IS the experimental 
tube and B is provided for the 
purposes of comparison A is 
connected by means of a rub- 
ber tubmg to an aspirator 
Some ether is placed in A such 
that the bent tube T dips 
inside ether and Tg aie 
two thermometers placed in 
the tubes to record the tem- 
perature 

Working When the tap 
of aspirator is opened, water 
comes out and vacuum is creat- 
ed inside Air from outside 
IS sucked in through the tube 
T and it bubbles till ough ether 
On account of low pressure 
and bubbling, ether evaporates and takes the necessary latent heat 
from the rest of the ether and test tube On account of this, the 
temperature of the tube falls The flow of water is regulated till 
some mist appears on the outer portion of test tube A This can be 
judged easily bv comparing it w ith the bottom of test tube B Note 
the temperature of T-i Stop the flow of w’ater and wait till the mist 
agam disappears Note the temperature again The mean of these 
two temperatures give the dew point Relative humidity can be cal- 
culated % the formula, 

/J ff = X 100 

S V P at room temperature 

Advantages of Regnault’s method. — (i) The rate of evapora- 
tion of ether can be regulated by regulating the late of flow of 
water 

(n) Silvei being best conductor temperature inside and outside 
w ill be the same 

(m) Ether is kept well stirred In the bubbling of air through it 

(iv) The appearance of flow can be judged by comparing the sur- 
faces of A and B 

(v) In Older to avoid any disturbances on account of the hreith- 
ing of the observer, obsenationscan be taken by means of a tclescoiKs 
kept far apart 
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§8. Dry and ivet bulb hygrometer : — ^The hygrometer is shovva 
in Pig 45. A and B are two thermometers fixed on a stand Tho 
bulb of B IS covered b}?^ muslin or cotton vool 
which dips inside a vessel D containing water ' On 
account of large exposed surface, water from the 
wet cloth evaporates and a cooling is produced on 
the bulb. The reading of B is ^thus always less 
than reading of A. Greater is the rate of evapora- 
tion, greatei v ill be the difference in temperature oi 
A and B. Now the rate of evaporation depends 
upon the humiditj’’ conditions of .the atmosphere 
When moisture is less in the atmosphere;r rate of 
evaporation will be more and vice versa Thus, the 
difference of temperature ducctly depends upon the 
humidity conditions This difference in tempera-^ 
ture can be calibrated in terms of humiditj ht 
comparing the difference of temperature ivith the 
humidity found by any of the earher methods A 
table IS thus prepared and from that table humidity 
corresponding to any observed difference of tem- 
perature can be calculated. ' \ ' 

§9. Hairh}grometer: — The principle of this 
hygrometer is that a hair when moist increases m 
length This increase is proportional to moisture 
present A hair v hich is previously treated mth 
caustic soda and washed and dried is stretched 
between two points AC as shown in the Fig 46 At B it passes 
round a grooved wheel and at A it is stretched by a spring pointer 
IS attached to the wheel F which moves 
on a scale S which is directh’- calibrat- 
ed in terms of relative humidity bv 
comparing its reading with a standard 
hygrometer When moisture increases 
the bail increases in length which mov- 
es the wheel on account of which the 
pointer B moves on the scale 

§t0. Condensation of Aqncous 
vapour : — ^All the phenomena like clouds, 
rain, snow, fog or dew arc the results of 
the condon«!ation of aqueous vapour 

Wlieu the actual moisture piesent 
cuiar temperature is less than what is required to saturate the spare, 
e\aporalfon will take place On the other hand, when the aniount- 
of moisture actually iiresent is more than what is needed to saturate 
lhosp.icc condensation will take place If at anv insfaut the mois- 
ture actually present is less than saturation point and if it cools, 
either on account of expansion due to low pressure or-ifd gup? 
higher levels of low temperature regions or due to any otlier reason. 
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it may reach the saturation point and eondensation may start Tins 
IS the reason of the formation of above named phenomena. 

(0 Dew — Generally, the temperature during day time is more 
than that during night. Therefore, the air is not saturated in day 
time but during night certain things like green leaves, grass, or 
v indow panes cool dow n to such a temperature that the moisture 
present is more than vhat is needed for saturation and, therefore, it 
condenses in the form of small drops at these things This is known 
as dew 

Fog and Mist : — ^If the temperature of the atmosphere falls to 
such an extent that not only the things on the surface of the earth 
but the air surrounding it also cools down so that it becomes saturat- 
ed, condensation ivill take place on the dust particle, smoke etc This 
13 more common in cold countries In warm countries, this is seen on 
a wintei day when the nights are clear and the day had been slightly 
■w armer It becomes difiicult to sec through it on account 6f aifiFu- 
sion 

Clouds: — On account of evaporation from lakes and oceans, 
air becomes moist Moist air being lighter than dry air, it rises 
above As it goes up it expands due to low pressure and its tempera- 
ture falls The fall in temperature also takes place due to cooler regions 
in the upper layers On account of this cooling, moisture condens- 
es on dust particles or smoke particles These tinj*^ droplets remain 
suspended in air and float here and there These are known as 
clouds When these droplets come down they evaporate and when 
they go up they condense In this way the cj'^cle goes on 

Rain — When the clouds go in still cooler regions more water 
condenses on the droplets, they also coalesce and form bigger drops 
which cannot remain suspended in air They then fall down in the 
form^of rain While they are falling down moisture from the lower 
layers also condense on them 

Steel ; — ^If before reaching on the surface of the earth, the ram 
drops freezes, then it is known as steel 

Frost:- If the temperature of atmosphere falls below 0°C, mois- 
ture IS directl 3 ' converted into ice crystals and thej’’ are deposited on 
the surface of the eaitli This is known as frost 

Snow : — If the formation of ice takes place m surrounding air, 
it Will come down m the form of cotton This is known as snow 

QUESTIONS 

1 Define humidity and relative humidity. How will you find out R.H by 
chemical hygrometer ? {See §1, §2 and §3) 

2 What is dew point ? How will you make use of it for measuring rela- 
tive humidity 1 {See and 57) 

3 Describe dry and wet bulb hygrometer for measuring relative humi- 
dity {See §8) 

4 Discus the formation of clouds, rain, fog, dew, etc {See §10) 
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HEAT ENGINES 

work ?an bTcSlfy Chapter I thatmechanicaL 

heat IS produced .when To bo^ T^'hcn wc rub our hands, 

u . nen we boie a hole in anything lot of heat is ■ 

Steam Chest— ^ 

« I — .. 1 *• 

r Piston 
|4Piston Rod 


Slide 

Valve' 


Hy Wheel 


Crank' 

Shafl^j 

lEccentrlC' 




Fig 47 


produced, ivhenever our f^n n.* mni- «» ' 

heated up In all those cases some for many hours they are 

converted into heat The is done and that^vork is 

heat into mechanical w ork mo that>is the conversion bf 

of speoml ™.0h.„S Z haya to Ptake paa 

Engine Engine ts a de\irr^nr m is known as heat 

Evary haat angma aaaantally oTS MoyZSrta-- 

{^) A source of heat • -lj. ^ ' 

like coal, petroleum etc * * obtained bi’’ burning some fuel 

(h) A working substance • tj. i. . , r' 

and undergoes some cvclic elianirpa heat fiom the souice 

changes are effected m“ a cvlmdef fif?; ®to. All these ^ 

‘ “ with a piston 

A. condenser or sink * T'l * 

Iha aooraa Sop^ataa,. »tP.osy.an=Z„^“Vrrao"llS"'' '' 
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52 . lAtcrml and internal combustion cnjjincs : — A\ lien Ihcsomcc 
of hi' it Iks ontMtlf the rsluuler cnirMiif' the MorKinp Mibstaiiee, 
the enpinr is KiK*\\n e\tornn! oomhii«lum onpne eg steam onginc. 
When the unirte of IumI lies insKle the exhndei the> aio knoan 
•I's internal eoinhnstion engines c.g , petrol engines, diesel engine etc 

$1. Steam engine: — It consists of the following paits. — 
[See Ki''!' 17 and l‘'l. 

(;1 Boiler: — Inthisvatei riiiiR through steel pipes Mhieh are 
suirouiulotl h\ tlanies fioni the furnace Water is conveitcd into 
Rtc-im at liigh pressure and temperature 

(n) Steam chest Sc: — It is a atout metallic chamher a Inch is 
connected to the boiler through pipes Steam from the boiler enters 
this chest Theic arc three holes at the bottom of this chest The 
U\o holes SPy^ and SP^ are known ns steam ports Those holes open 
in another stout c\bndci C The middle hole is connocted to 
exhaust pipe J2P 

{III) Slide \ahc S.t : — This is. a hollow D shaped mass of iron 
which slides upon the plane base of a c\ hndci Tho hollow side is 
l:ei)t downwatds It is mo\cd by a lod SVR connected to the 
shorter arm of the crank and shaft arrangement Duo to its motion 
SPi and SPz aic alternately closed and opened and nio connected 
to exhaust \aUc 

(la) Cjlindcr C: — It is a stout cylindrical vessel just in con- 
tact w’ltli steam chest It communicates w itli steam chest through 
SP^ and ISPn A piston P is fitted in it, which is moved across the 
cylinder on .iccount of the inossaio of the steam The piston is 
connected by a lod PR to a oiank and shaft airangcmcnt 

(v) Crank and shaft arrangement • — This is a device bj' means 
of which a to-and-fro motion is conveitcd into circular motion The 
piston rod moves to and fio while the shaft of the crank w'lll rotate 

(vi) Flywheel : — It is a heavy w'heel attached to the crank 
shaft It makes the supply of energy regular and continuous It 
absorbs the excess energy from the piston duiing some part of the 
stroke and gives out during another T/ie piston lod PR and the slide 
vahe rod SVR are connected in such a way that they move m 
opposite direction 

Working Dry steam from the boiler is admitted in the steam 
chest Suppose the position of the piston and slide valve is as shown 
in Fig 48 Hero SPi is connocted to the chest and SP 2 to the ex- 
haust valve Steam fioin steam chest enters the cjdindei and presses 
the piston in forward direction The piston will move in the for- 
ward direction moving the crank The slide valve w'lll move in the 
backward direction When the piston reaches the dotted line just 
near SP^, the slide valve closes SPi SP^ is connected to steam 
chest and SP^ to exhaust valve Now the steam enters through SP^ 
and moves the piston in backward diiection The used steam on 
the left of the piston passes out through the exhaust valve The slide 
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reaches its nrAvjJll direction. Again %vliCn th6f piston 

SP In thi^ SP^is closed and steam enters through 

of the mston is Vnnv^?! ® to-and-fro motion 

to wheels on^ cited into circular motion by crank and given 

bv i^^ engine : — Out of the total energy obtained 

TL'’STsit:?,trfflUcr‘“'’ 

Thermal ef[ir,o,,^y converted into useful work 

ffeat supplied X I U ' 

The efiiciency of steam engines varies from J5 to 18 per cent' 

Only cannot bo coni-erted into aork 

tcmpcratuie o tmii ^^^onght from a higher temperature to a lower 
“f into work. The, efficiency 

denser is“o'’ absolutP^°™A ^^*1 *®n^Pcrature of the coH- 

he 100% impossible, the efficienc.v cannot' 


question 

Describe the construction and working of steam engine 
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CHAPTER I 

RECTILINEAR PROPAGATION OF LIGHT 

§1. Study of Light.— The 8tndj’ of light, the other name for 
^rhich IS Optics, is dnided into two topics, viz (1) Geometrical Optics 
^ -and (2) Phyncal Optics, Geometrical Optics does not concern itself 
' with the nature of lighter its production or its propagation It is 
simply baacd on certain simple laws which can he experimentally 
venCed From those, now postulates are put forward which can 
again be verified with the help of geometrj' This study helps m 
the construct on of optical instruments 

In Physical Optics first we trj' to answer the very question as 
to what this light is However, this is beyond the scope of this 
book 

§ 2. What is Light ? : — The nature of light has puzzled and 
fascinated scientists since long Without going into the long 
-discussion regarding the nature of light, it is sufficient here to assume 
•that light IS that agent which enables us to see objects but is itself 
invisiolo. This .agent travels from one place to the other in 
the form of transverse waves As light can travel even through 
vacuum, we aasurae that there is an imaginary medium termed 
ether, which is all pervading and which has such properties that it 
•can transmit light waves within it with a tremendous velocity of 
■3x10'® cm /sec or 1,86,000 miles/seo The wave-length of this light 
is extremely small — approximately of the order of 10“^ cm 

§ 3. Laws of Geometrical Optics : — There are four funda- 
mental laws on which the whole study of geometrical optics is based 
The laws are 

(i) The law of reversibility of path of light 
(it) The law of rectilinear propagation of light 
(ill) The laws of reflection 
(tv) The laws of refraction 

§ 4 The law of reversibility of path of light: — Let us 
suppose that light is travelling along a certain direction say PQ, 

BS, ST See 
fig 1 If the direc- 
tion of travelling of 
light IS reversed at 
T so that it travels p 
a.long TS, accord- 
ing to the law it Fig l 

will traverse the 

whole path exactly but in the reverse direction i.e , along TS, SB, 
BQ and QP, 
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§5. The law of rectilinear propagation oJt iignts-r-^"*? . 
states that light travels between two points in a homog^aeoMtj 





Fjg. 


medium along' a strai^W?^ 
line. • By homogen^^"^^ 
medmm wemeanamedinia,; 

inwhioh the properties do 
not chan^ and are tiBifprifi ' 


every where. 

If light has to travel between two points A and B 
travel along AB and not along any other zig zag path as shoira ^ 
dotted line. ' 


§ 6* A few definitions : — The path along which light travels * 
called a T&y of light. A ‘ 

A beam can 
be divergent as in 
Fig 3(a) when the 0 e 
rays spread out 
from a point source 

of light , conver- - , , 

gent as in Fig 3 6) i g 3 (a) Fig. 3 (6). Fig S (c). 

when the rays ' , y 

meet at a point and parallel when they go parallel to each other_^ 
in Fig. 3(c) ^ ^ 

§ 7. Applications of the law of rectilinear propagation of 
light , , 



(a) Pin hole Camera: — ^It consists of a lightproof wood^ 
bos one side of which is either covered with a tissue paper or by 

means of a photog^" 
phic plate. The side 
opposite to this hM Jin 
the centre a hole of the 
size of a pin- Bays oj 
light starting from A 
after passing throogn 
the hole O meet at; A 
and from ' B' at/B • 
Thus an inverted image A'B" is formed on the paper or on the 
As the size of the hole is pin hole, the image is not very bright bw 
is well-defined and sharp If the size of the hole is increased which 
is equivalent to adding other holes to it, it would give nse. to 
other images A’ B", A'’' ’B'" etc. lymg close to A’B' and we will ge* 
a blurred image ' - . , 

The above also explains why we get citcular jiatches of light 
in the shadow of a tree The space between two leaves behaveS 
as a hole and we get blurred images of the sun overlapping each 
other . 

(h) Shadow: — Consider a'point source of light at O . 
be any opaque object ' Bays of light starting from O axe rot able 
to enter the dotted space and hence it is called shadow of the obs- 
tacle, [see Fig. 5 (a)] ' ^ ~ ^ ' 
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See Fig, n(6). 00' la a broad aourco of light hut smaller m sfeo 
than the obataolo PQ, Oi O'* is such a region on the screen 88 
that rays do not reach boro from any portion of the source 00' In 



Fig 5 (a) 



Fig. 6 (b) 


the regions 0^ O'l and Og O' 2 rays can reach only from part of the 
source while beyond 0^ and Og rays reach from full source. Hence 
Oi O ' 2 where no light reaches is called the full shadow or umbra 
region while the region 0^ O'j, Og O ' 2 where light reaches from part 
of the source is partially lighted and hence is called partial shadow 
or penumbra 

' If an eye were to be placed in O^ O 2 region, the source will bo 
completely hidden from sight while it will be partially seen from 
Oi Oi n.TiiI O 2 O 2 Fig 6c where the source of light is larger than 
the obstacle is self explanatory If the screen is placed in 88 posi- 
tion, the shadow of the obstacle falls at Oy Og' on the screen while 
in the position 8' 8' there is no shadow on it. 
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air aeroplane, n'ien'^np m‘ 

near or on the ground ^ shadowirt^a 



Sun ahc 


(0) Vv ® 

the earth, it^ casta comes m bej-neen tie cun ««' 

people on the surface nf +h sometimes on the earth Fhr tl. 
be a total solar echnse TTnr umbra region th<re irouh 

there would he partial solar ® penumLra region 

visible at day time Le wL Vi,® Sttn uould U 

Sun and the moon casts coming in between the 

would have been a full moon da^v'^but nf OidinariJy f] 

^ oay but the portion of mcon lying in 



lunar echfief^HiriUtlrf^iy^L^ bench there would be, partial 
have, been a total lunar eelipLdayf '^® region, it would 
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QUESTIONS 

1. Slato tho law of roelilinoar propogation of light nnd discuss its few 
applications (&oo § nnd 5 7) 

2 C'tplain tho formation of shadows and o^plain tho terms ‘umbra* 
and ‘penumbra’ [See 1 7 (c)] 

3. Ocscribo, with noat diagram tho foimation of eclipses [See § 7 {b) 
and! (c)] 

4 Describe n pm hole enmorn Kvplain why wo get patches of light 
in the shadow of a tree ? [See 5 7 (o)) 
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will take place in all sorts of directions Such reflection is called 
^Iifftibion 

Objects become vinblo due to this diffused light. That is 
why it. 13 extremely diOlcnlt to recognise a metal the surface of 
which IS highly polished 

t 

§3 Fonnation of image in a plane mirror : — Fig 8 is self- 
■oxplan.ntory. When the reflected rays Olt, O'R' enter the eye, the 
eye feels as if they arc coming from p 
^ the point obtained by producing 
RO and R’O' backwards P’ there- 
fore IS called the imago of P The * 
rays are actually coming from P I 
but it only appears as if they are 
-originating at P' and hence P' is 
not real but is virtual Hence, such 
an image is called i irtual image 

You already know that the 
image is formed on the perpendi- 
cular dropped from the point source 
on the mirror and produced It is formed at the same distance 
behind the mirror as the object is in front of it 

Hence, AP=AP' 

Proof From P drop a perpendicular PA on the surface of 
the mirror and produce it Produce RO backwards to intersect 
PA produced at P'. Then we have to prove that AP=AP'. 

At O, drop a normal NON' 

The of incidence PON=Z_ of reflection RON 
and Z_RON — A.P'ON' , being vertically opposite 

Hence, A.PON=A.P’ON' 

But A.^OA=A.N'OA, being right angles 

Hence, INOA- LPfOP=LR'OA- LP'ON' 

-or LP0A=1_P'0A 

In As POA and P'OAt wo have 
£POA=- AP'OA as proved above 

A_PA0—A.P'A0 as both are right angles by construction 
and OA side is common 

Hence, the two As are identical 
Therefore, PA=P'A 

This was to be proved 

§4. Formation of images in two mirrors : — ^You already 
Isnow that if we have two mirrors parallel to each other, as in a 
barber’s shop, we shall get an infinite number of images The 
.number will be limited only by the reflecting power of the mirrors. 

Two mirrors at right angles to each other form 3 images. 



Fig 8. 
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l,RON'==Z.RON-^NON'=-{x-e) 

Also, in the new position the angle of incidence is 
PON'=/_PON+Z.NON'=ix+e) 

Hence the new reflected &jig]e R'ON'—/_PON'={x-{-0) 
/_E'OR=- /_R'0N'-/_R0N' 

={x-\-6)—(x—0)=x+0—x-\-0 

=29 

Hence proved. 

§6. Application of rotation of mirror ; — 

(a) Lamp and scale method for measuring small angular 
deflectoins ; — 

Necessity * — In Phj'sics, there are many instruments m which 
the small angular deflection of a part are required to be measured 
e p , in galvanometers, deflection magnetometers etc 

Requirements : — ^We know that the measurement of an angle 
becomes more accurate if the p. 

arms of the angles are larger ^ 

See Fig 10 In position P'B' p _ . . - 

the angle can be measured 
more accurately as the distance 
P'R' 18 greater than PR Thus 
the deflecting apparatus must 
have a long pointer But for 
sensitiveness it is necessary 
that the pointer is not heavy 
Both these requirements can- 
not bo fulfilled by any metallic Fig 10 

or non metallic pointer Hence 
we use a ray of light as the pointer 



Description : — Let a concave mirror AB be posted to the defle 
ctmg apparatus In front of it, at a distance is mounted a scale and 
a lamp. The lamp is so adjusted that the rays after falling on the 
mirror are reflected back to the scale forming a point image there. 



Working : — Let the lamp 
1_ be so adjusted that the rajs 
after reflection form the image 
at say R When the deflecting 
part deflects and with it the 
mirror AB, the new position of 
the image is at R' And so if 
the mirror is rotated through 
Z.9, /_R0R*-=29 (as proved in 
§5). See fig. IJ 

PR' 

tan ROB' = tan 20= —y 



2^s=tan~* 


RR' 

OR 


Fib. II (a). 


12 


PEEUSJirESSlTr PHYSICS 
As d is small and so also 28^ tan 28=28. 
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28= 


JRS 


tr 


or 




OB 
SB' ^ d' 


“m 


20B 2D 
radians .. ’{ 

where d is the deflection < 
the image on the scale ai 
D is the distance of tl 
scale from the mirror' 


Fig. 11 (6) 


-_1B0 d . > 


degrees. 


(i 

«•« v** 


'The positionlnd heish^^f ^ distance D=1 metre ot sc 
the light spot falls on f ^ ®° adjusted that the image o 

to the deflecting part mirror attachet 

to a reading d cm light deflects on the scalf 

8 ytfcm. Tims knowing i and asm known. -■, 

Importance *—1 titt . ' ' 

measurement of d becoTnoJ ™°^®ssing D, d is increased and thus 
-of error. accurate with smaller percentage 

€) lustfG (i 

increases the accuracy orth^mltho^® 20. which -further 

also he S**Th? ofthTn ° f ® telescope .can 

telescope. After definition » ®®®le is first focussed in the 

focnssed on a dWsnos d b 

lieight of a distant *to^^ or aTi helpful in measuring the 

•scope of this book. altitude of Son etc This is beyond the 

scj^e is placed at i~-In a telescope stale method, the 

mm Find the defleclion deflection 7neasiii^ te 

^ohick can be measured in t ts the smallest angle < 

« 1 mm. ^ the least division on the scale - 


See fig 13(6). 


tan 20a 


But 


or 


BR' ^ 10 ' II ' 

OR 2000 
tan 20«20’approximatBlv ' 

f V 

10 

' 2000 ' 

10 


20=. 


0= 


2 X2000 =='-4^ 
Aow, 3 U radians is equal to 3S0'» 


- radian 
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1 1 .. 180 


IS 


^0 radians i=-j55.X^=0 14" 


Similarly, becaoEC tbe smallest deflection wliicli could be 

1 


measured is 1 mm. only, the angle would be ~y^ 2ooo 


4000 


radians and in degrees X 
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QUESTIONS 

1. State tbe lawa of reflection and explain tbe difference between 
reflection and diffaeion. Explain why it is difflcnlt to recognise a well polished 
vessel ! (Sea § 1 and §2) 

2 Show that if a mirror is rotated throngh an angle, the reflected ray 

deflects throngh double the angle provided the direction of incident ray re- 
mains £xed. (See § 5} 

3 Describe an optical method for meosnrmg small angnlsr deflec- 
tion. Bnng out the merits of the method. (Sec.§ case 1 or 2 and § 6 

4 Show that the minimum length of a mirror is half the length of a 
person to see his full length 

(Hints. Divide the distance between eye and head in the two equal 
parts, say at and between eye and toes say at Af, Tbe mirror must be of 
such a length and so placed that one end is in line with Af^ and the other with 
Mt 


If 



5, Prove that if a plane mirror is displaced towards tbe obje^ throuhg 
a distance x, the image would bo displaced through 2x towards the object 
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(Hints Seefig'l 3 N'N^x 

Hence NP^irQ=.d-x ^ 


Q'Q=NQ'-.NQ=::(]!f2fr^2f,Q,^_^jjjQ 

' =T(®+«2)~(tf-a;)=2®. : ' ' 


« 



^ 3 b 

TOetro and the coil 13 de^otedT^f scale is placed at a distance of„l 
scale. aeaected thiough 1 minute Find the deflection on the 
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7 Thed t i. " 1 -^”® 5 'SminX 

towards^ the'^mirrM^wf^K 100 ft’ Hthe pewon? 

time the distance between the nerson^n^ k ^ ft /sec., after hOfftnuoIi 

on cne person and his image would be 100 ft. . 

(Am. 10 sec) 


CHVrTEK in 

REFLECTION AT CURVED SURFACES 


§1, Spherical Mirrot* : — If > o« ronsiricr a part of a spherical 
surface and silver it, it is i illed n spherical mirror It is called con- 
<ave mirror when the liollon 
' fide is rdlcctim? and convex 
when the bulging side i*» 
silvered 

0, (he cende of (he .sphere 
cf which the tnirroi is a p'lrl 
IS calhti (he centre of curva- 
ture. The ccntrnl pomt A on 
ihe fivrface of (he mirror i-? 
called the pole. The line join- 
ing /Ac pj/c d fe 0 the C'Mtre of F,g 14 

runahtre is called the principal 

axis. The distance AO is called /Ac radius of curvature If you 

loin 0, the centre of curia- 
ture to any point on the 
surface of the mirror, it ts 
called normal to the 
minor 

If you consider an 
incident beam parallel 
to the principal axis, after 
reflection it meets {as in 
the case of concave mtrroi 
— Cv mirror) or appears 
to meet (as in the case of 
convex mirror — Gx mirror) 
24 at a point smtated on the 

principle axis This point 
F IS called the focus of the mirror and the distance AF , as measured 
from pole to focus is called the focal length of the mirror See fig 14 

§2. Sign Convention : — A particular sign convention is follow- 
ed while measuring distances in spherical mirrors All distances aie 
measured from pole of the minor and are considered positive if 
measured against the direction of incident rays, and negative if measur- 
ed in the same direction as that of incident rays 

Thus, the focal length m Ov mirror is positive and negative m 
/ in Cx mirror. Similar is the case for the radius of curvature 

Distances measured at right angles to the principal axis are con- 
sidered positive when measured upwards from the axis and negative 
when measured downwards 




Id 
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§3, Image fonnation The fiame laws of xeflection, as m the 
case of plane surfaces are obeyed here. . , 



Fig, 16 <&). ' t 

Sec figures IS (o) and 16 (6). PM, PN are the incident W® 
and OM and ON are the normals at M and N iaCv mirror andi<?^ 
and ON produced to JlfO' and NO' in Cx mirror, Eeflection takes 

place such that and 

In Gv mirror the reflected rays meet actually at Q while in Ox 
mirror the reflected rays produced backwards meet at , 

Thus Q is the real image in Cv mirror while virtual io CX 
mirror, 

t n 

14, Relation Between focal length and radius of curvature 

I j. 

-*1> 


O 


, , Vig.lt {a}. 

J>! PM Berthe rncldenl rsy-pmllci to the priotipal axis ^ 
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reflection, it. meets nt F on Ov mirror [Fig. 16 (a) nnd oppesrs to 
nicol nl F m Cv mirror Fig. 16 {/i)]. 



Here, being the angle? of incidence and reflection. 

Also £y—l_MOF m fig 16 (a), being alternate angles and in 
16 (6) being corresponding angles. 
jLx=Zr=/_MOF 

Hence, in the FM=FO . (1) 

We consider mirrors of small apertures only Aperture of the 
mirror is defined as the angle subtended by the periphery of mirror 
at 0. Hence the point M is considered as situated very near to the 
polo A m comparison to the dHtance AF. 

Hence FMr=FA . (2) 

Comparing equation (1) ond (2) we get 
FO^FA 

ie , F divides the distance AO m two equal parts 

AF^±AO or 

where / is AF is the focal length and r is AO the radius of 
curvature 

Relation : — Focal length of a mxrrors=half of xls radxm of 
curvature. 

§5. Relation between focal length and object and image 
distances: ^For concave mirror: — 




Fig 17(0). Fjg. 17(6). 

See fig 17 (a) PM and MQ are the incident and reflected 
rays. MO is the noimal 
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In the d.'PMQ, l,PMO=^^QMO being "Z of incidence andj 
reflection. “ , ' . " ' 

Hence^ ilfO becomes the internal b*®oc^oi‘ of the vertical 

LQMP. ' , 

Therefore it must divide the bas-e QP internally in the ratio 
of its adjacent sides , j ^ 

'Thus ^ ..(1) 

xnus, pQ 

But, as the aperture of the mirror is small, Jlf is very near A 

MQ^AQ and MP^AP ' ' ' , 

so from equation (11 we get 

AQ _QO 
AV PO 

Here QO=^AO-~AQ and PO^AP-AO,^ 

Making these substitutions the above becomes 

AQ AO-AQ ‘ o) 

AP~AP-AO * - 

Let AP=u, AQ—v and AO=^r where «, t>, r are respectively 
the object distance, image distance and the radius of curvature 
so equation (2) becomes 

V __ r—v ) 

« u—r 

cross multiplying we get , 

v(u-~r) =u(r-~v) 
or uv~-tr=ur — vv 

Rearranging i c , taking the terms containing r on one side, 
we have 

^ t ’ * 

uv-puv—UT-\-vr 

or 'iuv—ui-\-vr " (4) 

Dividing both the sides of the above equation by wr, we get 
2v,v uv ^ vr I 


or 


But 


uvr uvr nvr 

r V ' V ' 
f^JL (See §4) 

_L=i.=: 2 

/ _r_ r ‘ 

2 


.{oi 


Substituting this in equ. (5) we finally get 

-f U V 




We know- that for a given mirror its radius ■‘Of curvature 
hence focal lenuth is constant. Therefore for a certain valde , 
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there will be only one value for v. Hence, if we consider any other 
ray, say PN, after reflection it will meet at Q only. Therefore, we 
say, that all rays starting from P after reflection meet at Q and 
therefore Q is the image of P 

For convex mirror ; — See fig 17 (6) Here PM and MQ' are 
the incident and reflected rays and therefore OMO’ is the externa 
bisector of the vertical angle PMQ It will therefore divide the 
base PQ externally in the ratio of its adjacent side 

MQ _ QO 

^ ' MP PO 

or as explained already, 

AQ _QO _ AO-AQ 
AP PO AP+AO 


u u—r 


Here v and r are taken with —we sign because these are 
required to be measured in the same direction as the incident rays 

—V ~r-\-v V r—v 

or = — or — = . 

u u—r u u—r 


This is same as equation (3) in the above So we get here also 

f u V 

Thus, in general for a spherical mirror the relation is 


1 


+— = 


/ 


u V ^ 

or the sum of the reciprocals of object and image distances from the 
pole IS equal to the reciprocal of the focal length of a spherical mirror. 


§ 6. Conjugate Pdints : — ^From the equation —-{-—=- 4 - it is 

u V f 

clear that corresponding to one value of u, we shall have only one 
value of V Hence, if v is made equal to u, u must be equal to v, 
■eg, let / for a mirror be 10 cm If «=30 cm in a concave 
mirror from above formula v would be lo cm However, if u is 
made equal to 15 cm , v shall be 30 cm Thus, it it clear that the 
position of object and image is interchangeable Such points are called 
conjugate to each other This is also apparent from the law of 
reversibility of path of light. If QM is the incident ray, MP would 
k be the reflected ray 

§ 7. Cardinal points : — {a) If you consider a ray parallel to 
the principal axis, after reflection it passes or appears to pass 
through the focus of the mirror 

(b) From the law of reversibility of path, an incident ray 
passing through focus will bo reflected parallel to the principle axis. 

(c) An incident ray passing through centre of curvature would 
fall normally on the mirror and hence retraces back the same path 
after reflection. 


§ 8. Image formation in the case of a finite object ; — In view 
of the above §7, tho Fig 19(n) is sclf.oxplanatory. An inverted 
image is formed at P'Q' 
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Trt order to drsTr the position of jtasge in convex laiiTor 
little care is needed. See fig. IS. ’ 



(t) Draw PJf parallel to tiie principal axis and join 
means of a dotted line. Pdf produced gives the corresponding 
reSsetedray - - \ 

(it) Snmlarlr try to join PP Let it intersect the mirror at 
From iT drsvr a Ime parallel to the ptmeipsi axis. This gives the 
direction of the reflected ray correeponding to the incident ray Po» 
C»i) Join PO. 

All the reflected rays appear to meet behind the mirror et K 
and thus F*Q'‘ is formed as the virtual image of the object PQ- 

Note : — The trhole image can be obtamed by taldng points iibe 
P throughout the length of the object Pt? and dxavnng rays as 
explained. 

f S. Itlagnificatzon ; — The size of the image depends upon the 
size of an object, its position and the focal length of the udisoT. 
Hoiv many times an image is larger or smaller than the object is 
called the magniScation of the image Here ire shall only consid^ 
the length and hence ' ^ 

-r. • Lenaih of the. imf’ge^ I „ ^ 

LmearmagrificaMn = , 

Fomuila for laagmficatioB s — os consider Fig. 19 (q} 

is self-explanatory. 
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Consider the As APQ and AP'Q' 

Here /_ PAQ—Z. P’AQ' according to laws of reflection 
A PQA=iZ- P'Q’ A being right angles 
and the remaining angle APQ=/_AP'Q' 

Thus the A® are similar 
P'Q' AQ' 

Hence -^=-7^ But P'Q' 13 measured downward and so 
PQ AQ 

^ it must be introduced with & —ve sign 

~P' 0 ' AO' 

Therefore above becomes — 

PQ AQ 


or 


0 ' 


V 

u 


Hence magniflcation. 




O u 


( 1 ) 


As the aperture of the mirror is small, MA and NA may be 
considered as perpendicular to the axis 

Consider now the As MAP and P'Q'F 

Here A P'Q'-^~A. MAP being right angles 

A Q'PP'= A APM being vertically opposite 
and hence the two As are similar 
P'Q'_FQ' 

* * MA FA 

Here MA =PQ as both of them are perpendicular and he in 
between the same two parallel Imes 

-P'Q'_FQ' _ AQ'-AF _v-f 
PQ FA AF f 
—I _v—f 
O / 

MagnificatioDj 

Similarly consider the A® FfAF and PQF 

As above it can be Bhown that they are similar 

_ NA AF 

Hence, 


or 


( 2 ) 


or 


or 


PQ FQ 
-P'Q' _ AF 


PQ 


-I 


'AQ-AF 

S 


0 

M= 


u-f 

jL_ 

o 


«-/ 


(3) 
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The above three relations can also be proved Tor convex mirror^^J 

Consider the same As here c, 9.,^P<3 and " 



/LP'A^^^ similar, because ZP^9=<?^5=vtrtioallj opposite 
Also A PQA=sP'Q'a being right angles 


Hence, 


P’Q'^AQ^ I -V 

PQ iQ -Q-ir 

Jlf= 4 = -— 

O V 


V If 

Thus, taking into consideration that here 7 is 4 •^e but V and/ 
are negative prove the remaining formulae. ' > ^ . 

So for spherical mirror, the magnification formulae are ' 

M=— ^ 

u 

__v-f 

f 

=__ i. 

u-f 

formula' ,^®^®**°** between u, v and f from magnification 
Hquate any two of the three magnification formulae, say 

f n-f 

Cross-multiplying, we get 

X («'-/) («--/)=/X/ ' 

Simplifying, we have ' . ' 

uv— fv— uf ^ 

or ' . , . ■w»=v/-f«/ - 

^ Dividing by vuf, we havej-^-^+i . 

f V u 

1 ^ 

^ § 10. Newton*s formula and discussion about tlie'’relauve v ■ 
positions of object and 'image : — ^Take focus as the origin a?® 

- A 
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measure distances of the object and imago from it. Let it bo x and y 
respectively such that in Fig 20, FQ=x and FQ'—y. 



As in § S, As P'FQ/ and MAF are siinilai; 

_ P'Q' _FQ‘ P’Q’ _ V 

Hence or ^ 

Similarly, as /^NAF and PFQ are similar, 
AN _ AF P'Q'_ f 
PQ FQ PQ X 
Equating equations (1) and (2) wo have 


-j -- or 

Eqn (3) is called Newton’s formula 
good for convex mirror also 


( 1 ) 


..( 2 ) 


. (3) 

The same formula holds 


Discussion ; — Study eqn {3j The focal length of a mirror is a 
finite quantity and whether it is -j-ve or — i>c, its square would 
always be +i;e Therefore, the right hand side (r h s ) is always 
+ve Hence the product of x and y must also be +ve. 

This means that the signs of x and y must be similar, cither 
both of them +ve or both of them —ve Thai is, the object and 
image both will he on the same side of thefocus. 


For concave mirror : — 1. We know that xy=f^ 

ft 

when a;=co, y will be 0 

t e , when the object ts at oo, the image will be formed at focus. 
Naturally it will be real, inverted and diminished 

2 When the ob]ect approaches the mirror such that it is 
anywhere between centre of curvature and infinity, t e , «>/, we have 

fl fS 

y=^=-^=</ 

I e., the image will be situated between focus and centre of curvature. 
Again, it will be real, inverted and diminished. 



3’KEmrxVEBsiTr phvsios , . -I^uhap hi 

= ill <.=/, and therefor^, 

a; ~ ~f~~^l} ® iwa^e «5 a?5o a< ^7;e centre of curvature ' 

inverted ^ 0 / the same size as image and is real and 

a? </, then y > /olfd ilo/iW cew/re of curvature, 

. It is^Jerc/ore, 

therefore, at 00 ^ ^ at /oca«, a;=0 and y=oo The image ts, 
/t ts real, inverted and magnified ' ^ ^ 

is —ve and is <f^i H left side of focus, i e , when » 

V ^m beX nd ' 

pae. I‘w>«W6<!™rtSu^mafm^|.'’ ’’^'rfoT Insymf 

That « the inm^Tiam‘af^ poTe~^'^^ *’'™ *' “ °''“° • 

raS we‘‘L“’fb‘/°'^t ■ - ■' 

image at Srst moves fX^otn' moves from co to pole, the 

iatotty to pote It m ‘“ ““““y ft™ from,-w 

sometimes magnified and somof!^* ’ ®°“®t>™es virtual. It is , 

todrawd.agra®ms?orS'cartatLlrbot^ ^'^■• 

mmror .s true for eouvex 

is formed at focu(X%he y=0 and.the tmage^ 

» *mrSdU?e“s fiteT” 

at any place ^betw/en nole ® 

fan'tned between focus andXpoU, infinity, y <. f and the image is 

the image is always behindThe ’ object m front of the mirror, 

diminished. mirror ; it is virtual, upright and - 

also at pole abject is at pole, y=f, i e , image is'<. 

behind the mirror^u?ltfl\ct°on“i?pos1i5^ because if we heep object ' 

image lohtch “^s forme^^md\he mnrhr ^ dtminishet 

' It" is la.. ....a 1 ' 


- ~ uenina the mirror ‘ -"7 

image v increases with^decrease'in ^“ages tie distance of the 
for virtual images 

mirror :— «t«rmination of focal . length*^: (d) For concave 

, " ' _ y ^ 

oal PhysS^bftb^VatSfor^a^lf^ tho’use of «Th 4 Test book of Praoti- 
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1. By one pin: — We 
centre of curvature, the 
image is also formed at the 
came place 

To make use of thiS, 
an object m the form of a 
pin IS mounted on an 
optical bench in front of a 
mirror See fig 21. The 
pin G IS moved forward and 
backward till the parallex 
between the pm and its 
image is removed The dis- 
tance between the mirror 
P and the pm C gives r, the 
radius of curvature Half of it is the focal length of the mirror 

2. By two pins : — A pm object P is placed on an optical 
bench in any position to form a real image Sec. fig 22. The 



position of the image is found by removing parallax between this 
image and a second pm Q The distance between the mirror 0 and 

I 



know that if an object is placed at the 



nr«t pin gives V while that between mirror O .'mti d j'fn r 
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The use of thexelation j r 

V ' V f 

mirror 


gives the focal 


length of tbe 


(5) For convex mirror i — this case, the image foimed is , 
always virtual and is formed behind the mirror. Hence, it is’ 
difSculfc to locate its position with the help of another jpin which ’ 
is required to be placed behind the mirror and hence cannot, he 
Seen faliy from the front of the mirror. The image and the pin, 
thetefore, do not seem to be in contact and hence the paralles, 
removal is not very accurate. , 

To mate the method accurate use of a plane mirror', is 
recommended. •> ' > 


Mount the given convex mirror, plane mirror and a pm ate 
shown, m fig, 23 (o). Adjust the heights of these m such a way thhb 



the image formed in convex mirror and that formed in plane mirror, 
appear to touch each other By moving the plane mirror forw^d 
and backward, the plane mirror image will more accordingly*’ 
Adjust the position of the plane mirror in such a way that there 
is no parallex between the plane mirror image and the .coove* 
mirror image 

See fig. 23 (5) Measure the distance between the convex, 
mirror and the xsn. This is OP=u, We know that the plap,® 
mirror image is formed at the same distance behind it as the object 
is in front of it. Hence, PAr=$3f, 

Therefore, v==^OQ=PQ—PO=2x~u, So to know «, measure we 
distance between the plane mirror and the pm. This is x. Ben®*® 
it and from it subtract it to get v. ’ . ’ ' 

The image is formed behind and hence substitute the value 

of.c with a — It, sign in the relation ®tid calculate jf. ' , 

« n / 

§ 12. Use of zoinrors: — Spherical mirrior is a verr^nse^ 
optical instrument. , r ' < 

{%) Concave mirror of large focal length is used a shaving < 

glass when a virtual and magnified image of the shaver isTcrms®* v ^ . 

Concave mirror in general and parabolloid mirror in 
cular is used as a means to produce a- parallel beam of figh^' ^ ' 
this the sou’-ce of Lgbt is placed at its focus. ThisispSeon 
search light. 
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(m) These are also used ns telescopic objectives. They can be 
easily prepared and hence can bo of largo aperture. This helps in 
ncreasing the resolving pover of a telescope. 

(m) Convex mirror by virtue of its forming a diminished image 
is used for decoration purposes y 

(v) It IS also used as a viewing mirror for a motarist. It gives 
a full view of the back side m a small space 

§ 13. Distinction between plane, concave and convex 
mirrors : — In order to distinguish between these mirrors v ithout 
touching them, hold an object near them If the image formed is 
virtual and of the same size it is a plane mirror , if the image is 
virtual and diminished, it is a convex mirror , and if the image is 
virtual but magnified or inverted and magniGed or diminished it is a 
concave mirror 


§ 14 A few specimen problems — Example 1 : — In a concave 
mirror an image i« formed ai a distance uhtchis twice the distance of 
the object If the focal length of the mirror is 10 cm , find the position 
of the object and disciisa the natvre of the image 

Let X be the distance of the object and suppose that it forms a 
real image So, the distance of image would bo 2x. 


Now 


X 


u ==«,«== 2x and / = 10 cm. 

According to formula ~we get 

11 3 1 „ „„ 

2x ~ 10 2x - 10 


a; = 15 cm.\/ 


The object is at 15 cm , when the image is real and is at 30 cm 
For virtual image, let t> = — 2x and then 


or 
' or 


1___1 1 _ 

X 2x 10 
1 I 

2x ~ 10 
!B=5 ^ 


or 2x = 10 


The object is at 5 cm, when the image is virtual and behmdi 
the mirror 


Example 2. Where should an object be placed to get an image 
three times as large as the object The focal length of the mirror is 
15 cm , what kind of mirror is it t 

Obviously as the image is magnified, the mirror must be 
concave 

Because the magnification is 3, it is possible both for real and 
Virtual images 

V _ 

For virtual image = — 3 

u 

V 

and for real image = 3 


• a) 
(2> 
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V 

Using relation — 3> we get v 


3tt 


Using relation 
we get 


u 


1 


j' 

i- an3 substituting tbe ralue " of « 


/ 

1 


or 


Zv, 

3-1 


16 

1 


3m ~ 16 
u— 10 cm. 


or 3?^ = 30 


For real image, — = 3 
u 

and we get f 


or 


t; = 3 m 


^or 


u ' 3« 
3+1 


15 

1 


or 8u = 60 


3m ■“ 16 
,* M == 20 cm 

Thus tbe object must be placed at 10 cm. for virtual image, and 
at 20 cm. for real image ’ ' . ‘ 


Example An object ts placed at a distance of 15 cm from a 
concave mtrror token the distance between U and a convex mirror te 
20 cm apart with their i eflectmg faces facing each otheu If ^e focal 
length of both the mirrors is 10 cm each and reflection first takes place 
in concave mirror, find the positionof the final image after reflection at 
■convex mtrror 

See Fig 24. 

As reflection first takes place at concave mirror, 

M = 16 cm 
/ = 10 cm. 


/sio&m *=iei>m 



• 15+ w7“.10 V ~10~l5“"":,30 - SO , 

. V = 30 cm ' 

> i. 
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Thoce reflector! ray** meet ni atlistiiice of 90 cm. from conca\o 
mirror, i.r . at a dmlnnce of 10 cm. from the convex mirror and 
behind it. 


The ohjcct for convex mirror ie, therefore, virttml and is at^ 
u = — • 10 cm 

111 

,*, the formula — == -r- for it becomes 

u ^ / 


"IF +4" 

V 


1 

10 


08 its / is also— uc 
. 1 


10 


10 


V s= 00 


Or in other words, the refleoioi beam would be parallel and the 
image would bo at infinit 3 - [It is assumed hero that those rays would 
not fall on concave mirror] 

Example 4. In a plane mirror mclhod of determining focal 
length of a convex mirror, the parallcx ta remoied when the distance bet- 
ween the plane mirror and convex mirror is 5 cm and that between the 
convex mirror and the pm ii 20 cm Find the focal length If the 
object lA mov^ away by 10 cm , find the new position of the plane 
mirror for no parallcx. 

See Fig. 25 The d. stance between plane mirror ilZ and the 
object jP IS * = 15 cm 


or 



Fig 25 


Hence. « = 2* — « = 2 x 16 -- 20 = 10 cm. 

• • • • 

/. Using the formula we get 


i_. J-_A 
10 + 20 “ / • 

-2 + 1 1 

■~20 “ / 


Here, t> is — re 


-1 1 
20 -/ 

/ = — 20 om. 


or 



30 


rnctjjsivcitsiry i?nYs'i<35 


, [CnAY. HI 

Now the new position of the oI>,ecfc is « = 3i0 cm, os it IS moved' 
away by 10 cm. 

30^ i‘ 20 

1 1 1 — 3 - 2 _ ^ iJ - .11 

p “ 20 “W“' 60 “60 

V = — 12 cm. 

Now V ~2z — u 

or 12 = 2a; - 30 A 2a? = 12 + 30 = 42 A a; = 21 , 

Hence the distance between plane mircor and pin la 21 cm. 'or 
that between convex mirror and piano mirror ia 30 -* 21 <=» 0 cm. 
t e » the plane mirror is required to bo moved by 4 cm. away from 
convex mirror 


QUESTIONS 

1 Doduco a rotation for a sphoncat mirror between tho dt^lances of the 
•object and image from its polo and its focal length (§ 4 and § 5.) 

2. Define tnognifioatien Deduce the various formulae for raognifica^oa , 
for a spherical mirror and hence pro\o tho formula . 

.{See 1 8 ond § 9) “ ^ ^ , 

u Deduce Newton’s formula ond show mathematically that it i8 poasibW . 
to get a real or virtual, raagaiOed or diminished concave mirror imago but itis 
impossible to form a roal, magnified imago with convex mirror (See f 10) ’ " 

4. Define focal length of a mirror. How will you determine it for ft 
convex mirror T Discuss the importance of the method ? IVbat is the use of 
such mirror ? (See § 2, § 11 and § 12) ' ' 

5 A concave mirror has a radius of curvature 30 cm Dotennino the 
two positions of an object placed in front of it such that an image three times 
as large as tho object is formed What is the position of the imago in each oasel^ 
{Ane^om , c e= 60 cm , 10 cm, ,i> s= 30om. bockward), v ' ' ' 

^ 6 Tho distance between an objoot and its imago formed by a convex ‘ 

’■> mirror IB 36 cm Tho image is half the size of tho object; find the foool*^ 
d^ngth of the mirrlor and also its dostanco from the object. (Ans. 24) ' ~ \ 

^ ,7 An object is placed 25 cm from the surface of a convex miwor, 
when a plane mirror is placed at distance of 20 cm from the object and in 
between tho convex morror and tho objeot, the parallax is removed between the 
two virtual images Find the focal length of the convex mirror. (Afl#.37.e , 
cm ) ‘ 



CHAPTER IV 

LAWS OF REFRACTION AT A PLANE SURFACE 

§1. Refraction ; — When light is incident on a few particular 
media, they, instead of throwing it back into the same medium from 
which it IS coming, allow it to pass through them Just at the 
boundary of separation of the two media, as their is change of 
' medium, the law of rectilinear propagation is not obeyed and the 
path of light is altered. This alteration m path is called refraction 
end tabes place according to certain laws 

§2> Laws of refraction : — See fig 26 PA is the incident 
ray when the plane boundary of separation of the two media is 
Zr Let ISB' be the nor- 
mal AQ IS the path along 
which light enters into the 
second medium and is called 
the refracted ray. The 
•angle PAN=i is the angle 
of incidence while the angle 
•enclosed between the refract- 
' ed ray AQ and normal AN’ 

% e is the angle 

of refraction 

Following are the Laws 
of refraction ; — 

1 The tvcident ray, 
the vormal and the refracted 
■ray he tn the same plane, » c , 
the plane of incidence and the 
plane of refraction are coincident 

2 The alteration in path takes place in such a way that the 
ratio of the sine of the angle of incidence to the sine of the angle of 
refraction is always a constant quantity 

sin i p. 

Thus, =K 

sin r 

The value of this constant only depends on (i) the nature of the 
\ two media, (li) the colour or frequency of light and (in) temperature. 

When the first medium is vacuum, the constant is called 
ti (Mu) the refractive index of the second medium For all practical 
purposes when a ray of light enters air 'medium from vacuum, 
hardly any change of path, i e , refraction takes place and therefore 
for appioximate purposes air is taken as optically similar to 
vacuum Therefore, instead of vacuum, air may be taken as the 
first medium. 

Refractive index of the medium is, therefore, defined as the 
■constant obtained by taking ratio of the sine of the angle of 
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t - t ^ 

' ^ f ^ 

incidence and the sine of the angle of refraction, when 'a ray-is 
going from air to the medium " , 

sin t _ 
sin 

^ i ' ^ \ 

ji 18 sometimes denoted as jjxj or fiu to denote that rays are 
going from medium no 1 and entering medium no 2. > - r 

If the angle of incidence changes, the angle of refraction wilt 
also change but the ratio of their respective sine will always be a - 
constant ' ' i * 

§3. Dependence of refractive indeie : On medium 

When a ray of light is going from air to water or from air to glass, 

= 1 33 while’ 

Sin T • # 1. 

This shows that if any -of ^thc media- 


other things remaining the same, for water 


- , sin t 

for glass =a„=l 5 

® sin j 


IS changed, the value of jji alters. ' 

Generally, the media are such that for them fi>l and hence 
r^x Therefore the refracted ray is said to bend towards the 
normal But if a ray were to go into a medium for which 
it would hend away from the normal making r>t. ‘ ~ t ' 

(6) On colour of light : — If the colour of light is changed^ 
say from red to blue, the bending of the ray changes, other factors 
remaining the same. Thus, where ps and fir stand respeov 

tively for blue and red colour ‘ 

We know that the spectrum colours are in the order-red, 
orange, yellow, green, blue, indigo and violet As we change th® 
colour from red towards violet, for the same pair of media, ft go®® 
on increasing . , ^ ' 

Kigourously speaking we should speak in terms of frequenoj;' 
and not colour which is a vague term. u. inoreasea tilth' frcquen^U 
of light [ ' ^ 

(c) On temperature With temperature, the density, of a, 
medium changes and hence refraction is affected ■■ Generally , R 
decreases with increase of temperature The density of .a' jmedio™ 
also decreases with temperature Accordmg to ^ Gladstone 'aa 
Dales’ law, both these quantities, i e., (x. and d vary with 

in Buch a way that ~ - i remains constant at all temperatures. ^ 

§4. Relation between pos and {Xm : — When a ray is gotpB’ 

from air to’ glass (See fig 26) If light path i®' 

reversed, according to the reversibility' law, QA wouW oe ® | 
incident ray and AP the refracted ray. As ray is going from g ^ 

to air iXo-==^i^^ because, now the angle of mcidonces=r and au^l® 

of refraction is j. 



Chap. IVJ laws of ncniAorioH at flanb shbfaob 


33 


__ sm r _ 1 _ 
t ~ Bin. 


1 

f*op 


•or 




1 


sm 1 


The relation ist yiaa— 


t^ga 


§5# Relation between incident and emergent ray when 
jrefraction takes place with first and last medium as the same : 
Let WXYZ bo a parallel slab of glass with WX and ZT 
surfaces parallel to each other According to fig, 28 (a) PA is the 
incident ray and 
AQ 18 the refracted 
ray inside glass At 
■Qt the ray AQ 
comes out of glass 
along QS QS is, 
therefore, called N j ^ 

the emergent ray, ’ ^ 

Here, /_PAN 

^QAN'=r=:= 

Z.AQM, being al- 

■ternate angle, NN', MM* being parallel and X.SQM'sse, the angle 
of emergence. 

Considering incidence at P from air to glass we have 



Fig 27. 





sin t 
sinr 


(I) 


Tf yon reverse the path of rays i.e , incidence along SQ, the 
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whole path will be retraced but along reverse' direction* ^.Hehce^.; 
considering incidence along J5Q fiozn air to glass at Q we have- 

sine “ - 

itag: 


sin r 


Here c is the angle of incidence. 

As L. H. S. of both eqns. (1) and (2) is the samei , 
. sin I sin e ' 


or 


sin r sin r 
smt=-sme ' or t=e 
Therefore PA and QS must be parallel to each other. 

«>»<-« ir— Angle of incidence and angle of emergence are. egml 

and nilin eh -T through media having parallel honndanes. 

and when the first and the Iasi medium is the same. ' 

§6. Refraction through many parallel layers of media or to 
prove that \s.wg^-^ ._Let VV, FX and YZ ,be the paraUel; 

boundaries of separation respectively between air watm*, water glass' 

> 





Tig. 28^6). 

and glass air media Fig 28 (6) is self explanatory. 
We have \iaw= * 


\xwg>=: 


sin r 
sin' r 


[^ga= 


sin r' 
sin r' 


(1) from air to waler- 

' ’ 

(2) from water to glass 


sin e 


^ < H 

(3) from glass -to ' air > 


Multiplying the above three equatiohs,tpgether,we get 


ftow i«Pff ^ ' sin r'\ 

- ' sm r* emr.' * 

But according to §5, i^e and hence, 
fioic. nivff, inga—l ; - . 
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or 


[iiog= 


iiaw, [iga 


1 

V-ga 


Making its use in the above, 


(xau> 

But according to §4, 

g^got 

^ ^ gaw 

» e,, refractive index of glass with respect to water is equal to the 
ratio of refractive indices of glass and water. 

§7, Total internal reflection and critical angle : — We know 
that when a ra^' is going from rarer to 
a denser medium, it bends towards 
the normal making the angle of refrac- 
tion smaller than the angle of incidence 
So oven when the incidence varies from 
normal (t=0“) to grazing (4=90®), 
refraction is always possible On the 
other hand, when a ray is going from 
denser to rarer, it bends away from the 
normal making angle of refraction 
greater than the angle of incidence See 
Fig 29 (a) As the angle of incidence 
increases, angle of refraction increases 
correspondingly A stage is reached 
when corresponding to an angle of 
incidence, say 0, the angle of refraction 
becomes 90“ This angle of incidence 
0 is called the critical angle. // the 
angle of incidence la made greater than 
the cnltcal angle, angle of refraction can- 
not exceed 90° and hence refraction is 
not possible The rays, instead of enter- 
ing the second medium, are reflected back 
into the same medium according to the 
ordinary laws of reflection This type of 
reflection is called total internal refiec*' 
tion It IS called total as no portion of 
light 18 refracted, all is reflected It is 
t-orracrl mtornal because the lajs are 
not able to come out of the medium into air. 

Cracks in glass and drops of air m water appear shining on 
this account 



I 

Fig 29(6). 



rig 29 (c) 


§8. Distinction between 
reflection : — 

Ordinary reflection 

1. Takes place when a ray is 
going from raior to denser 
or denser to rarer medium. 

2. It IS posifihk at nil angles 
oC mcidenec. 


ordinary and total internal 
Total reflection 

1, Takes place only when a 
ray is going from* denser to 
rarer mcditini 

2 It is possible onlj at inci- 
denoe greater than ciituul 
angle. 



I’SsrrxcvEHsiTr >hts5Cs 


S6 


CeHip;IF 

„ 5 'I 


7i. A greater part of I'gM >i5 3.. The whole -amorant of 

rcSeeted whUe a littiie ss is reSected ' 2vb 'ooftloaT s 

^ -9 p — .1— *• .. 


refracted also, 


refracted. 


* V 

§9* Relation between critical angle and Te£racixre indei 
of the medmm : — Consider Fig 29 f&J. FA is the ineident ray Jiij say 
glass and QA the rs&acted ray inskuis the angle of refraction* in 
ait eqca! to 90'. 


As the rays a^e going from glass to sir 

f£g5 


sin $ 

j?. assin 90=1 ^ 


1 1 

jiag= -■ ■ ■■=— =coscc & 




sin a 


. relaticn is: — Refracfire hdtcr ts totfal to ccst.tQpi~ 

cniiOii sr^tc^ - , 

I 

a ligtd^* peterminatioa cf critical angles or refractive icdex of 

. ^vinciple Jost beyond critical ancle, no refraction is possible 
rnio the second medium. ^ ’ 

' ■■ j 

f thin sheets of dass AB and GB 

enclosed a film of air. B is so enclosed 'that; no fi'nid cia 
enter into it. , ' . ' 
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In thw position Qli is the norinallv Incident my fiom liquid at 
tho air filiu Let the nir film be prndualJ 3 ' rotated along its vertical 
axh yiR tills mil happen, Qli uill 
make an increasing angle of mci- 
donce QRN at liquid air interface 
where is the normal Obviously 
the angle QRN is equal to the 
angle through Aihioh the film is 
rotated from ABCD po<«ition to 
A'B’C'D' position. Refraction 
through tho air film to the other 
Side is possible for incidences upto 
critical angle and the observer on 
the other side is able to see tho 
eonreo of light When tho angle 
QBl)! becomes equal to the critical angle, the refraction is parallel 
to the surface B'A* and it is not able to come out of tho an film. 
Consequently the observer is unable to sec the source 

Therefore, keeping the cj o constantly on the source, the film is 
rotated till the light is just oxlinguished and tho source is cut off 
from sight The posiiion of the pointer is noted on tho scale Let 
it be $1 

Tho film IS then rotated in opposite direction towards its 
initial position when the source becomes visible again When it has 
crossed its initial position towards the other side again tho same 
thing happens When it has been rotated through critical angle, 
light 18 again cut off. Lot the position of tho pointer be 0^ 

The mean of t?, and On gives the critical angle 0 for the liquid 

Here we have discussed with the help of a single ray Actually 
a point source of light will give out a divergent beam which will 
make various angles at the film and hence when corresponding to 
a particular ray it has been turned through critical angle, othci rays 
will not be cut off sharply Therefore, it is better to have the 
incident beam parallel and the observations are made through a 
telescope 

Knowing critical ang’c, the refractive index of the liquid can 
be known with the help of the relation (i— cosec 0, 

§ 11. Effect of refraction on observing the depth of a 
refracting medium : — 

(a) Dip a stick into watei . Just at the boundary the stick 
appears to bend upwards 
See fig 31 (a) Its position 
should have been AJ50 but 
instead it appears as ABO' 

(b) Try to judge the 
depth of a river. You find 
that it IS deeper than what 
it appears to be 

(c) In an opaque ves- 
sel, keep a com and keep 
the eye in such a position 
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— ■■ — — w - AAA A VAW ' [GhakJK 

that It is just nOt visible l^'ow'^jionr water and you will find, that 
B without shifting the position of tlie eye, yoa'ara 
able to see the ooin.' ^eo dg. 3 1 (//). The' rea^n> 
for this is that the coin from its' original ,pbsitioa 
C appears to be raised 'to D position and hence 
comes in line with the eve " > * ' . *’ 

y- 

Let us now explain the above expCTimenis!'v 

Ltt P be the point object at the bottom. Of 
I" g 31 (b) vessel find the line of sight is normal, i.e , eye ; 

thernTf POO Vertically above P When a liquid is poured* 

PC f normally refracted The rav I ’ « - ' ’ - 

which isshghtly inclined to I r 

ri^^Tnrn^f ST Tin se refractid 

O an? appear to meet at 

J ihus the bottom of the vessel at P 

depth when Ip S 

rig 32 * 

refractive indejTof thA apparent depth wi h the 

incident rav to 'air, PS^ is the 

ray, Z IS the refracted ray and NK' is the normal ' T;' 

opt:r»r 

TT« L ^ 



Hence, as rays are going from liquid to air, 

»P » _ sinSPP 
sill r 


— 


sin SQP 
But in right angled ^ SPP, 

sin SPR— perpendicnlnr RS 
hypotenuse “"Sp 

and in A 

RS 


f ^ 

*■ o 


sin SQR=: 


SQ 


m 


Substituting these values in cqu (1), we get 

Pta= ^^^ISP ' RS SQ RQ 

RS/RQ sP ^ RS .1“ 

such refracted a,lmo3t oonsidered vertical, because'' only-; 

ray P., ^ 

Therefore, SQ^^RQ and SP^RP"'^ 
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Substituting these values in equ. (2), we get 


But 


|Ara= 




IIF 

1 

Ra 


\^al—'^lV-la — MRQl^P= 


RP real depth 


RQ apparent depth 


Relation : — The refractive index of a medium is equal to the ratio^’ 
of its leal depth to apparent depth 

§13. Determination of refractive index with a microscope’’’: — 
The above relation is made use of in determining (a of a material — 
say a glass block 


Micioscope IS an instrument which can 
see small objects at close distance distinctly 

Take a microscope and focus it on an 
ink mark on a paper or on a com m a 
beaker — say at P See fig 33 Let the 
position of the microscope on a scale be a 
Keep the glass block on the mark or pour 
water in the beaker The image of P will 
appear at Q Focus the microscope on it 
Let this position be b Now sprinkle some 
lycopodium powder on the surface at R 
Focus the microscope on it L“t this 
position be C Obviously the real depth 
would be RP=c—a and the apparent depth 
vould be RQ=c~b 


V 

I 

P 


Ji 




y~- 


Hence, (i,= 


c—a 

c—b 



It 18 very important here that the 
microscope is focussed vertically and the 
quantity of liquid used is neither very large 
so as to reduce the intensity of the 
image nor very small so as to reduce the P Class slot 

accuracy Fjg 33. 

§ 14 Determination of refractive index of a liquid available 
only in a few drops : — Both the methods discussed so far are useful 
only when the liquid is available m large quantity When only a 
few drops of a liquid arc available a concave mirror helps in the 
determination of (x 

Principle : — Let O be the position of the centre of curvature 
of the concave mirror So that the incident rays OM and OA are 


•Authors “A text book of Fraotioal Physics” is recommended for details. 
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normally incident and Iienco retrace back tlieir path on reSectioti* ;; 

If a fcTF diopn of liquid are y>nt„oin 
the mirror surface such that is son 
face, the rays^-nould be re&acted ,Bt 
vriU not fall on the mirror normally^ '~M 
the incident rajs however, follow the pam 
O'C*, such that after refraction at Cr'iaQ 
refract* d ray js CM, it wfll nornisSy 
fall on the mirror and hence w ill hs tellecr*i 
cd hack along the same path MC and^ w v. 
forming the image at 0*, Thus, 0* ^>‘1 
be have as an apparent centre of ourt'eth^-, 
See Fig 34 ' ' 

Ifow O'C is the incident ray at liquid 
surface C’if is the refi acted ray 
yif' is the normal ^ 

Here ZO’CN—i=^CO'A (being alternate angles as ' and 
OA are normal to and parallel to each other ' 

and A_MCN'—r=A.OC2C (being vertically opposite hnd ie 



Fig 3-J 


equal to /_COA being alternate angles 
sin i sm CO’ A 


Hence 


Pal=- 


sm r sin CO A 


./(I) 


and 


But A_CO’A ^A.G0’B and sm 

hyp. 

Z_COA=Z_COB and sm 
Substituting these values in equ. (1) we get 
_ GB/CO* CB CO CO 
GBfCO' 


GB> 

CO'- 


fiat— 


m 

CO’ GB ~ CO' 

But as the aperture of the mirror is small, the point C can 
regarded as situated near B and hence, COf=BO and -BO'; 

Also as only a few drops of water are put on the surface of the 
mirror, the depth BA is negligibly small, - , 

Hence, CO=BO=A(? and <70 WC)'=^C?' , . ' ' 

Substituting these values in equ. (2), we get 

p„i=AO/AO' ' '-'f. 

Therefore, refradtve tndix of a liquid isequaltoiherafio ^ 
actual radtus'of cunaiure of the mirror to the appartnf radius of r 
vature when Water is poured onihe mirror surf ice^ ^ - i 

Method : — Keep the giyen mirror horizontally on gcQxmd and 
IBs a pm on a vertical stand. By moving it up and down'_renio^ 
parallax beta een it and its image This position is O. Me&sure i 
distance from the surface' of the mirrori This gives the-actu 
xadina of curvature AO. - ' ' ^ ^ k. 

Kow put a few drops of liqoid on the mirror surface^ • 
to remove the parallax again, we are required to move ihe'pm., \ 
new position 0-. Measure this ’di^ance' AO' which gi>®® 
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radius of Cairo tnrc. With the help of eqn. (3) determine the re- 
fractive index of the liquid 


§ 15. A few optical phenomena 

(n) Twinkling of stars The stais due to thou infinite distance 
behave as point objects foiminp a point images on tlic retina of the 
eye Due to the continuouB teinpeiature variation of the ntmos- 
piiero the rays cionmg from the stars do not follow the same path 
and consequently the point images formed on the retina shift their 
position The brain mterprotes this continuous shifting as twinkl- 
ing of llie stars 

Ttic moon due to its neamess appears as a disc object forming 
a disc image which occupies a large area on the retina and hence, a 
little shifting of this image does not affect the apparent position of 
the moon in the sky That is why the stars twinkle but the moon 
does not 


(6) Setting of Sun:— Even when the sun has gone below the 

* ^ A ® * t* •% _i_ 


hoiizon, It does not appear to set 
the diagram gi\on below See 
fig. 35 

When the sun is m posi- 
tion 8, the rays coming from it 
are refracted by a raier and 
rarer medium as it tiavclsfrom 
the earth upwards At cverj 
refraction ns the angle of refrac 
tion is greater than the angle of 


The reason for this is clear from 





r.g 3-> 


incidence, for second refraction the angle of incidence progressively 
increases A stage is reached when it reaches the critical stage and 
IS totally reflected downw'ards These downward rays enter the 
eyes of the observer in such a direct>on that for him the sun appears 
at S'. 


This also explains ihe sight of an inverted image of a ship 
hanging up in air at a distance from an observer on sea shore 

(c) Mirage : — A thirsty traveller in deserts gets an illusion of a 
lake at distance due to the formation of inverted images of trees as 





Fig 30 

shown m fig 36 This illusion of water is called mirage The 
illusion of water goes on receding away as the traveller tries to 
approach it 
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denser to rarer mediuiii and hence as (^plained above aftiir' a 
total refiection lakes places and the do'R'nward travelling rays 'be-' 
come upward travelling rays An observer on camel catches 
rays and feels that they are coming from an inverted image of 
tree. Such an inverted image is formed in nater and he gete an" 
fllnsion of a lake. Being thirsty he sets in its search "to get inorO 
disillus-ioTied * ''•1% 

{<0 Apparent depths : — ‘'We have al- 
readj explained why a nverj appears to h&' 
la's deep than its cctnal depth.' Por similar 
reasons if rve view an object m air throng' 
water or glass, the oopet appears “ more 
distant than it« actual position. ^ See ’ 
dg. H7 : ‘ 

An object lying at the bottom of apiver 
1 isible from above the river As the ' 
t»bserver is trying to look at increasing in- ] 
clmation the object appeals to bo’ raised up ' 
more and mr re Finally a stage fs' reached'" 
vhen rats coming fiom the object are criti-, 
callv reflected 1111 a cd. Thnsejein cjposifeion-J 
See • “ " - - 



Tig 17. 

fs not able to see the object 
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Hence, to an eye under water 
all objects lying abo\e the surface 
of water appear to lie insi ie a cone 
of semi- vertical angle equal to the 
cnbcal angle. 


an‘7lf’ Examples Example 1- ,t>r«u. t«v 

JSleo/glai,8uMr£sp?cbveloicafcr. Git;en the refraclhe inBietsof: 

9l<i^sandicateriQbe3/2and4f3iespectiiel^ “ ' ' 



cr/ffcai’ 


Xow 




We know that 


or 


473- 

Ur,=COSeC ^ , 

9/8=cosec^ 
the critical angle 8 ~ cosec-^ 9;S, 

Example 2- Tfte r^^fraciive indt^ of wafer fa 
apparent depfh cf a river, 1/ Us actual d^ptk is S-feel. 

' ‘ . Beal depth ^ ' 

, Apparen t depth 
Apparent depth = Eea depth , 


4/3 ' Find 


the 
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or nrn'Acno:; at tlanj, hvrtrArK 


«I3 


<'r 


Q *\ 

Apparfist *, e^C A'oi 

H i 4 


Example 3* An hfiUtnj t'rtUaiUi/ ^omi tnfo a rhrr 

t>Kxfnf‘( ih<' nun}' of hifi <*yV nnd thi' trntu/f^ nf n sUmf ul ihf OaKont of 
tl' mvy coti.rtifnrrf, tf ihx fvc <? ff'i ttloi^ (he riirfact of water, 
ihf' ariisa! of tht rtxrr^ Pat*”" I 

Oln the im«"c of ll.e o\o h fnrmp<l due to renoctlon. 
Therefore, ihe < ye unwre and Uio ptniie iijmj;e iliie to refraction nro 
tit a di«tanee oi C ft from water surfuce. Therefore, apparoiib depth 
i« *> ft 1 1 


Ec'i! depth" pj^.Nrappironl depth 

J "* t '.*) > rt_=S feel. 

Exatn|m^3 ^11 hen a mtrofropi 
of fi}i itirnuqh a IttfUtd. tht' 


lUfitc 


t>i tcriienHit focussed on the 
in,n’,e of on ihTnttqh a htjutd, thf tjncro^rr/pe position is *a^ It 
%s h if hen fotu*scfl on th^ sttrftc' of tia*er. More liquid ts then added 
and the former readings arr ffjirntid Tlift; are now c and d respee- 
tuY/y. Ftnd the rrfenrtue index rf the hquid. 

See Fip 30, TA is the original Inj'er 
of liquid and AT 18 the new l.iyci added. 

Tlicrtfore, the real depth of the iiou luver 
AT IS {d~h) 

Apparent depth of YZ layer i8 (6— a) 
and of XZ is {d—O, 

Hence apparent depth of AT Invor= 
appaicnt depth of XZ hi^tr— apparent depth of YZ layer 

=(</— cX— (6— a)=<i— c— 6d-o:=:o + d— ft— c 
He/fte d-k 
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"apparent depth a+d— ft— c 


parall 


. 'T. 

Exatiaple^ An object ts viewed noimally through a plane 
U plate \of ‘ 



plate] of glass of thickness d ems and having refractive 
inder p Prove that the object ts apparently 
displaced touards the observer through a 

. , (p-l)d 
distance ' ^ 


Beal d pth _ 
Apparent depth 




Apparent depths 


Beal depth 


A 

1* 


V 


Hence, displacement towards observersreol depth— apparent 

depth 

^ d [td—d (p — lid*- 
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QUESTIONS. 

, 1. O&Snerermciive. jrdcv . On what facJO’^dae* it 

•” Pr<n-etliat p nnS fOJ;, 

2. What -do wu nndcrstancl b^cri’jtEl cMtlfi^nnd toiol intcfna? reSiW* 

tion ? How«cnljcalRn?lcrt^fltcd with the rt'ffa<rtiv* index of » laeoiJia'^ 
DiStinniieb belxtyn total interne! re*?ect son end \«diRar3r rofJertioa. 

f^ec f7, fSnndF? 

3- How wtll yon deierjasm^ ctrtienl Angi«* of n 7 

ineJbod ' ' Ui?), 

4. Explain w5«y o er appears tn be 1esJ> deep than it*? netaa} depth* 
JTow a*e the two related Ucsersbean erperimf-tt wh«*h tnakra ttse oS 
relaticn todetemsne ji of a liquid fs'e £1 ^13 and |15?, 

3. How wiU voa determmr the leftcctix e icdc'c 'fcY a rreejous hflnad ? 

6. Explain why 

(a) a creek in nppeare bright ' {aeofUv 

[b) a jnirage occur®. , 

(cj a ship anpeais hpoging inverted »n cir. <?ce^l5i 

(d) a nver appears les.® deep than its nctual depth. (seefUj' 

7. If the cril cal angle for a given liquid vnth respect to air be 

the refractive index of the liquid ■■ 

A transparent cube of 16 cm side contains a smoUair p.i1>bte. 
apparent depth Trheii viewed tbreuga one face of the cubo is 6 cm _aod trfcc’i 
viewed through the opposite er d la 4 cm Calculate the actual position of.»Eif 
air bubble. Also caknlate refractive index of the cube. * ' ' 

{Arts 9 6 cm, from first surface , ;is=I ^ 

9. A concave irirror of redius of curvature 32 cm. lies on a tah’e 
a pm is mo' ed vertically above Jt. If it is filled with a liquid of .TeJisCti'O 
index 4/3, where will the object and its image coincide f {Atv * 34 cro.) 

10 A mark i« made on the bottom of a beaker and a vertical microscope 
is focussed on 1 *. The miorcrcopei® then raised through a distance of^JSem* 
What height of wafer must be poured mt» the beaker in order to . bring the 
mark again into focus {Am. 3 75 cia-> 



CHAPTEB V 

REFRACTION AT PLANE INCLINED SURFACES 


§ 1. Prism ; — We have already considered refraction through a 
tnediuiu bounded by two plane parallel surfaces The emergent ray 
tn this case is parallel to the incident ray but is 
displaced. This displacement depends on the 
direction of incidence and the thickness of the ie< 
fractmg medium 

Let us now consider a medium bound between 
two plane surfaces but inclined at an angle to 
each other Such a medium is called a prism See 
fig. 40(o) ABED and AGFD are the two refracting 
surfaces These surfaces meet along a veitical 
edge AD called the refracting edge Z.^AG in- 
'Cluded between the two surfaces is called the angle 
of the prism BGFE is called the base of the 
prism Diagram matioally, usually it is denoted 
iiy a section at right angles through its refracting 




E F 

Fig 40 (o). 


edge IS in fig 40 (6). 

§ 2 Refraction through 
a prism : — PQ is the incident ray on the surface 
AB where MO is the normal QR and BS are the 
refracted and emergent rays respectively. NO is 
the normal at B 

A.PQM IS the incident angle t 
Z.OQR IS the refracted angle r 
Fig 40 (6) ^SBN IS the emergent angle e. 

If PQ and RS ^ 

are pro duced for- 
-ward and back* 
ward respectively, 
they intersect at 
0, The original 
direction of inci- 
dence PQUT is 
changed to UR8 
after refraction. 

The direction, 
therefore, hos 

changed or devi- _ 

ated tiirough 

AJPGfB. This angle TUB is called the angle of deviation 5. 

§ 3. Angle of minimum deviation ‘The angle between 
incident and emergent ray is called the angle of deviation In 
case of jiarallcl plate of gloss where the two surfaces AB and 
are parallel to each other, the angle of deviation is rero. 



the 

the 

AG 
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The value of the angle of deviation dependa on ih'e'Valne /o 
the angle of jncKlence for a cOrts in ;i ii* n’.„ ,ItiB/oii«d thai, aa '4h( 

t , jucitlenee is /ehan|^c< 
from normal 
jfug, t , fjvm^ 
to ?t={IO. iho angle 
of 'deviation pXr drat 
dcercoscB, gradually 
bi comes - munmmn 
and then ogam ptarb 
jnercasing. Thisvari; 
ation is shown gra- 
pliieolly in fig 
40 '{dl ' , ' 


<r) 

fff 

St] 

«)f] 

ec 

<17 
4E 
4f| 
<14 
43 
4z.| 

4 )^ *40 

^ 3 » 

at 

9& 


T 

I 

<3 

5f 

«» 



a* 3s 


3o 


ST ^ 4f 

Angie cf -incttlbncc • 

^ — cL Curup 

Fig. 40 (d) 


s» 


or c* 


« 


'‘The yariation 
inS at first js.vory 
steep (denoted by 
AB, then it becomes 
more gradual along 
BOD and again is 
sleep along DE)^ 
At 0, the value of 6 
becomes^ mininuim,- 
tc, 'correspond-' 
ing to an angle ofj 
incidence" i,,!- 


vaiUR oj angle ^of deviation when it becomes minimum is''' called thei 
angle of minimum deviation. , c , ’ . " 

From tbo fig 40(d) it is quite clear that if the angle of ihcidenijC, 
18 even slightly changed from the value of the angle of- deviation 
always increases Thus, corresponding to the value of' angle of, 
^nimum deviation, there is only one value of angle" of incidence'^ 
tor a particular prism ' r 

§4 Relation between angle of the prism, its fefractive'indCS! 
and angle of minimum deviation : — ' i 

1 . placed in the minimum deviation position 

fiuolithat the angle of incidence for PQ is such that the correspond,-' 
mg angle of deviation is 
minimum (Note that the, 
jpnsm may not be isosceles). 

If the incidence^ is 
along PQ^ the emergent ray 
IS BB and the’ angle of 
minimum deviation is TUB. 

If the path of rays' is" re- 
versed such 'that the in- 
cidence IS along SB,^ thfe, 
emergent ray is Qp and, - 
the angle of -deviation is VJJq' 

But AJPUR^ ^ypQLsB^ (being vertically opposite) 



F]gi,40 («). 
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Hence, the corresponding angles of incidence must be equal 


* c., Z,F(3JI^z^ Z.NJiS^ 

when incidence is considered at Q, 

_ sm i sin PQM 

sin rj nOQR 

end when incidence is considered at li, 

sm e sin NRS 

V-ao- 


sin u sm ORQ 
Comparing equations (1) and (2), we get 


Q) 

. ( 2 ) 
. . (3) 


_sm * sm e 
Bin ri~~ sm >2 

But i=e, according to equ (1) 

Therefore, the denominators must also be equal 

t.e., fi—U or Z,OQR=Z.ORQ (4) 

If we consider the quadrilateral QARO, the sum of the four 
angles 18 equal to 4 right angles 

/. Z_0QA-\-/_QAR+/_AR0 + /_R0Q=4:Ti angles 

Of these, the angles OQA and ARO each are rt angles being 
formed with the normals 


Hence, the remaining angles, /,QAR+/iROQ 


=2rt angles . 

If you consider the /\,QOR, the sum of the three angles is 
equal to 2 rt angles 


Z.OQR+Z.ORQ+A.ROQ=2 rt angles 

Equating equations (5) and (6) as each are equal to 2 rt. 
angles, we get 


or 

or 


or 


Z.QAR+ ^ROQ=l.OQR+ ^ ORQ+ ^ROQ 

z.qar^z.oqr+a.orq 

.4=ri+r2 (7) 

Here, A= ^QAR=thQ angle of the prism 

But according to equation (4) we know that A_r^=r^, say==r. 
Then, equ (7) beeomes 

A~r-\-r=2 t 



( 8 ) 


If you consider the t^QTJR, Z.RTJT is the external angle and 
must be equal to the sum ot the two opposite internal angles 

Hence, A_RUT=Z.^,„=A.VRQ+Z.VQR . (9) 

But, ZVRQ^/_URO-A.OTiQ . (10) 

As /_URO= £,SRN^e=i being vertically opposite 

and /_0BQ=rz—r 
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I ' 

Thoiefore, substituting these values m equ (10) we get, 

tc ,, > 

Similarly, ZJJQR= L^QO-Z_OQU^/_PQM-L0Q^ 

S=i — 1 ’ ' 


•we get 


Substituting these values of /.17i?Q,and /iUQE in equ ^ (9) 


But 

Hence 


or 

-or 


Z.5m=t— j-fi— 7=2t— 2r 
2r=4 
S.„= 2 t-^ 

S,„ + ^ 

I •>> 


'('ll) 

j-*' 

( 12 ) 


We know that 
As 


(13)' 


Z.AQO= Z.^BO being rt. angle - 
/_AQR==/_AQO- /.BQO=90-r 
^nd ^ARQ= Z.ARO- /_QRO=^(^^r . 

Hence, A.AQR=Z_ARQ ' ' 

These being base angles of the ^AQR, '' 
the adjacent aides are equal, ' 

X c AQ=iAR 

In other words, the refracted ray in minimum -deviation 
•position cuts the refracting suifaces at equal distances from tn^ , 
refractmg edge , ' - ’ i 

In addition if the prism is an isosceles prism' »e-, 
sides AB and AC are equal, we shall have the base abgles - 

and /^ACB also equal /^BAO being common in both the , A® ^ ", 

and JB40, we have /_AQR=/_ABG and ^ARQ===^A.ACB. - ' ■ 

These being corresponding angles, the refracted ray 
parallel to the base. This is only true m the case of a prism wao ^ 
sides are equal ‘ - j.' ' 1> 

Thus, to summarise, when the prism is placed ih the mmimn®^ ^ 
-deviation position, we have the following — 


(a) 

is=e=i 

, (6) 

7,=ra=» 

(0) 

■^j(N 

II 

(d) . 

. S„-j-4 ' 

' / 

(c) ^ 

AQ~AR , w - ‘ • 

</) 

QR !1 BC, provided 'the prism is isOsCtfie^' 

, We know that. 

_ 1 ' j 

1 

i " * 

' sin*’ 


^~smf 
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Hence, substituting the values of i and r from above, we get 

^+ 5 „ 


sm 


V-- 


Ein 


A 

2 


(14) 


If the angles are small, ue have approximately 

■4H-Sn, 

2 .4+ 5m 

=— j- 


or 



Cross multiplying we get, 

jjl4=A+Sm 

5m=p- 4— -4=(tJi— 1) A (15) 

From equ (15) it la obvious that the value of angle of mini- 
mum deviation depends on 

(а) p, t e , on material of the prism. 

(б) A, t.e , on the angle of the prism 

Greater these are, greater would be the value of 5^. 

§ 5. Importance of minimum deviation position If you 
consider an incident beam coming from a point source almost in 
minimum deviation position as in 
fig 41 (a) the emergent beam is 
equally inclined and hence appear 
to come from a single point Q But 
when incidence is as shown in fig 
41, (6) the beam is unequally in- 
clined and some rays appear 
to come from one point and some 
from other point The outcome of 
this is that in first position we 
get a well-defined image while 
in the second a blurred one 

Hence, whenever a well 
defined sharp image is required 
as in spectrum, the prism in 
minimum deviation position is 
always preferred 

§ 6. Determination of 
refractive index of a prism: — * 

In order to determine p of a 

material in the form of a prism, the use of eqn. 14 is made of. 

Determination of A ; — The angle of the prism can be deter- 
mined by drawing its boundary But this is not advised because 
the boundary cannot be drawn accurately and consequently the 
measurement would be wrong Therefore to measure A optically, 
draw two parallel lines and put the prism in between the lines so 
that the lines touch its surfaces Treating the surface AJ5 as 


Fig 41 (o) 



Fig 41 (b) 


* For practical details see "A T. B of Practical Physics” by authors. 
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reflector, fix tiro pins at B and F on the line dratrn See fig. ’42'(o). ‘ 
Try to catch the images of E and F formed by reflection and m 
their line fix two pins at K and J Repeat this procedure on the 
other Side of the prism KJ and SB are the respective reflected ; 
rays for the incident lays FE and HG. 

As both the incident rays are parallel, the angle between the 
two reflected rays must be twice the angle between the two reflected 
surfaces AB and AO, 

Therefore, produce EJ and SR backwards to meet at T. The 
angle JTR—2A. 

Thus, instead of measuring A we measure 2A and this 
further increases the accuracy . ^ 



Fig 42(0) p,g 42(6) 

Deterxmnatioii of 6,„ : — The actual arrangement is shown 
in fig 42(6) and fig 42(c). Draw a line making a certain angle 
with the normal to the surface AB of the ‘ 
prism. Fix two pins at M and L, See their ■■ / ‘ 

images through the other side of the prism ' ' 

and in their line fix two pins at U and 
M’ Then ML is the incident ray and L'M' 

is the emergent ray. Produce them back- b. 

wards to meet at O. Measure the L.Q0U 
which gives the angle of deviation. See 
fig 42(c). ^ t/ ^ ’ 

Thus, corresponding to the various ^ 
angles of incidence, measure the angle of 

deviation. Draw a graph between i and 6 ::: ^ 

and from it find the angle of minimum ' A ' 
deviation. See fig 40(d) 

Emowing A and 5„, calculate the / ® , 

value of (t with the relation S. 

A+S.. / 


Below is described a simpler method 

this, eqn (13) 

of §4 13 made use of. ~ m v / 


Fig 42(c) 
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According to fig 42 (rf) liT two pins Q and R on the two 
sides of the prism at equal distances from the refracting edge A. 
Now try to fix a pin P on one side and 
the pm iSi on the other side in such a 
way that when seen through AC, all the 
four pins apppear to bo in the same 
straight line Join PQ and SR and 
produce them backwards to meet at a 
point and measure the acute angle 
^ between them This directly gives 
according to cqn. (13) of §4. 

§ 7. Uses of a prism;— If a whole beam of light is passed 
through a prism, the different coloured rays bond through different 
angles and the emergent beam consists of separate colours The 
reparation of white light into its component colours is called dis« 
persion and the bend of colours is called spectrum. 

The formation of spectrum and its analysis to understand the 
nature of matter is an important branch of physics and hence 
prism forms a vary important component of optical instruments. 

It 18 also used to totall 3 ' reflect a beam of light and to lengthen 
the path of a beam. 


A 



QUESnONS 


1. What do voa understand by deviation ond minimum diviation. 
What IS tho importanco of minimum deviation position 7 How mil you 
■dotormino it osporimentall; 7 [(See §2, §3, §5 and §6) 

2 Discu^s'^bo various properties of tho prism in the position of 
cainimum d^ia^on and prove the relation 


a 


sin 


A+d 

2 


(See §4) 


sin 


3. How will you determine p of a material in tho form of a prism 

(See §6) 

4. A right angled prism has all its sides equal If a ray enters normally 
for what smallest refraotive indev of the material will it be totally reflected ^ 

{Ana. it='\/2 ) 



CHAPTER VI 

REFRACnON AT SPHERICAL SURFACE 


§ 1- A geometrical problem ; — Let us copsider a A 
From any point, say A, drop a perpcndiculAr AD to the opposite 



side 


and 


Then, sm B= 


sm Cs 


perpendicular AD' 

hypotenuse AB 
AD' 


AG 

Dividing the above two, we have 
sin B _AD‘ t AD’ 

C AB / AG AB AD’ 


sin 


,A0 
' AB‘ 


or /Ac rai%Q of the sines of any two angles is equal to the ratio of 
opposite sides This geometrical relation is made use of in the 
following ' 

u 

§2. Refraction at a concave spherical surface: — Leh os con- 
sider a reflecting medium bounded by a concave spherical eurince 
XAT whose centre of curvature is at 0 and 4 is the pole. Then 
AO IS the principal axis of the refracting surface, see fig. 44 

Let PM be the incident ray and OMO' is the normal As the 
incident ray is going from the rarei medium to a denser mednio 
instead of continuing along the path 
MP' bends towards the normal so 
that MQ' IS the refracted ray An- 
other incident ray may be considered 
normally incident along PA. Both 
these refracted rays when produced 
backward appear to meet at Q and 
thus Q IS the corresponding image 
of P 

Here the angle of incidence 
—i—Z_PMO and the angle of refrac- 
tion 

=^=Z.<2‘’-2fO'= vertically opposite ' Fig. 44 

Z. QUO 

If we consider the £s.PMO, according to § 1, we have 
BinPMO_OP ~ “■ > j 

sinifOP MP • 
and in A QMO, 

sm QMO_ OQ 



sin MOQ MQ 


... (2) Here, MOQ^L^O^ 
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or 


or 


Dividing eqn (1) by oqn. (2) \\c got 

sm PMO_ sin QMO_ OP ^ OQ 
sin MOP ' sm MOQ MP ' MQ 
Bin PJI/O^Bin MOQ_ OP ^ MQ 
BinjlfOP MP OQ 


Bin PMO Bin * 


'MP ^ OQ 


BmQMO Blu r MP '' OQ *** 

Hero wo oonsidcr the aperture of tho spherical surface lo bo 
small. Hero M point may bo regarded as situated close to A, As 
a result wo may take MP=AP and MQ=AQ. 

Therefore eqn (3) becomes 


But 

Hence 


^ AP^ OQ 

OP>=AP—AO and OQ==AQ-AO, 
_AP^AO^ AQ 
** AP AQ-AO 


... (4) 


... ( 6 ) 


Putting, AP=u\thQ object distance, AQ=v, tho image distance 
and AOssr, the radius of curvature of the spherical surface, whence 


M = X « _ v(u-r) 
^ u v—r « (ti—r) 

Cross*multiplying we get, 

jA u (v—r)=v (u—r) 
Simplifying the above becomes 


(6A) 


or 

or 


(A « »— {A u r=vu—vr 

Separating the terms containing r on r.h.s. we have 
(A u v—uv=ntir—vr 
Dividing eqn. (6) by uvr, we get 

jiuv vu (lur vr 

uvr ~~ uvr uvr uvr 

JA_ 1 {A _ 1 ^ 

r r “ v V. 

{A— 1 __ (A 1 

r" V u 


. ( 6 ) 


(7) 


According to eqn. (7), the l.h s. is a constant quantity. There- 
fore for one value of u there would be only one value for v. Hence, 
all the rays starting from P after refraction would appear to come 
from Q making it as the image 

§ 3. Refraction at a convex spherical surface : — The same 
notations are used as in the above 

Here, %~/_PMO’ .. (a) 

and r=:/_ Q'JlfO=vertically opposite QMiO' ... (b) 
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If we consider the A PMO, according to § 1 we have, 

sin PMO OP ^ 



(1> 


( 2 ) 


and 


and 


Bin MOP MP 
and in A QMO, 

sin QMO _ OQ 
sm MOQ MQ 

Dividing eqn. (1) by eqn, (2) 
we get as in above article §2, 

8mPJlfO_ OP 
' ‘sin QMO MP OQ 

^ (3) 

Note that so far the procedure is identical with §*2.' 

Here, L PMO= /L 0'M0-/i PMO'^1%0-% 

A QMO =A 0*MO~/_ QMO’—lBO—r according to 

‘ - ’ eqn (a) and (6) 

Also MP^AP and MQ=sAQ for reason explained inj§2. 
Therefore eqn. (3) is altered to ‘ . 

sin (180- 1 ) _ OP AQ 

Bin (180-r) AP^ OQ ‘■ 

But we know that sin (180— t)r=:sin t 
Bin (180 — r)=sinr 
Bin i _ 
sin r~** 

Substituting these values in the above 

_ OP AQ 
Bin r ^ AP^ OQ 
From fig. 45 we see that 

OP=AP+OA and OQ^AQ-j-OA 
Hence eqn. (4) becomes 


(4) 


ti 


_AP±OA 


AQ 


(5) 


AP AQ-^OA 

Put AP—u, AQsszv and AO= — r. ^Here r is substituted with 
— ve sign as the surface is convex , ' 

.« {u—r) 


Hence, 


tt— r .^ V 

~~ « v~r u(v—^fY 


^..(5 A) 


This eqn. (6A) is the same as in § 2 and hence proceeding 
exactly as is explained in § 2 we get ' 

ft 1 ■ 


r V u ' ’ ‘ ^ , 

Thusj in general, for a 'spherical surface we have the relation 

* ■> > * u 

ft 1 ft-1 
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§ 4 Focal lengths of a refracting spherical surface : — 
In the above relation — 


y j;r“»ifweput(ts=oo, t e jifwe 

assume the incident beam to be parallel to the principle axis of the 
surface, after refraction we get 



V CO r 


But 


— =0, hence 
00 




or 


»= 


r 

jir_ 

fi-1 


or vCfi— l)=(jir. 

... ( 1 ) 

This, there- 


That IB the image is formed at a distance 

(A— 1 

fore, IS called the image focal lengthy 

On the other hand, if i;=oo, t e., the refracted beam is parallel 
we have 

fi 1 |i— 1 


00 


or 

or 

or 


u 

1 


r 

{A— 1 


u r 

u (n— 1)=— r 


as — =0 
00 


«= 


|A-1 


( 2 ) 


For this condition object has to be placed inside the material 


at a distance 


{ 1-1 


This, therefore, is called the object focal 


length 

§ 5. A few specimen examples : — 1> A small object is en- 
closed in a solid sphere of glass of radius 5 cm The object is situated 
1 cm from the centre and is viewed from the side to which it is nearest. 
If [Lao=l 5, where will it appear. 

Also calculate its apparent position if it is viewed along the 
diameter through the greatest thictness of glass. 

In first problem, according to fig 46, 

A IS the pole so that 

u^AF=AO-OP=5-l=4: cm 
Rays are going from glass into air, so 
in place of {i we will have to consider pga. 

(i 1 ii-l 


Hence eqn 
problem becomes 


n 


for this 




{Igg 1 


5 


Ftp 40 
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or 


1 


1 

i v^g 

4 5 


Multiplying the above by ^ „we have, 

^ 1 — pU7,7 

4 


or 


or 


Pa 5 
Sttbstitutmg the TElne of (.aj=l-5=f we hare 

1 I 1-t 

tf 4 5 

i_ L_z:| __ I 

8 6 “■ 10 

3_ J 15—4 11 

'10 


(A) 


8 


40 ~~40 


40 


s=3 64 cm. 




EemeStr”^' « aJSTiS'bS’ ™lhe“+r: JoSai “ 

tT=6 6^^^ substitute 6 in place of 4 and get the answer 

f 

J^ong- a dmm^r^^ FinJ th^ ^ aar/crre wXen 

V„=l- 5 . position 0 / /Ac bubble. Given 

_ X 

have course in place of paj 

f^a 1 1 

V « ~' r 

_L_1/Paa-1 


Hence 


or 


Subsatuttog the rahee of e. r end g., we get 

^ 1 1/#_1 
1 ~ 


tf 


or 


2 

3 


or 


J-_l=i _ 

a 3 3 ~ 

1 2 1 £6—1 


u 


3 9 ~ 0 


/ 

T 


«=— =1 28 

*»* •* 
fiom the^smfece* ^ S' distance of I -28 cm approxiafatcl/, 
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QUESTIONS 

1. Doduoo tbo relation bolwoon |i, u, v and r for a ephorical surface 
<sco § 2 and § 3) 

2. Explain why on atr bubble insido o Bolid glass sphere appears at 
various dietancos vrben viewed from vanous sides 

3 Whot do you moan by focal length of o spherical eurface. Deler- 
mino its focal length If ««=! 5 ond r=3 cm. (see §4) 

4 A email object is embedded in a solid glass sphere of 14 cm diameter. 

It IS Rituated nl n distance of 1 om from the centre W hero vrill th" object 
appear if it is viewed from tbo side nearest to it. Rcfrocthc index of glass is 
giicn to be 1*4 (Ans. B 076 lichind the side from which it in i lowed ) 

B. There in a glass sphere of 10 cm. diameter and its refractive index is 
1*4. Find its principal focus. (An* 2 5 cm behind the second surfoco ) 



CHAPTBR VII 

REFRACTION THROUGH A LENS 

T, j’ defined as the refracting medium 
nounded between two spherical surfaces as shown m fig. 47. The 


o. 



o. > ; 

'y » I 


Fig. 47. 

ones ■'re the imaginary 

spheres of which the two spherical surfaces are parts. 

fvnPB /II — Spherical lenses are divided into two" 

yp s (ij convex and (2) concave. , . 

thinner^at thicker in the centre while goes on becoming 

tnmner at the edges Eevcrse is the case in concaye lens, The 

^ ' properties of these lenses are‘*also''^nite 

distinct. ' * ' 

^ Each ^ type is further sub-diyided 
into three types : 

1. (a) Double convex or coifvex. 



See ng. 48 (a) 






Fig. 48 (o) (6) 

2 {<£) Double. Concave or 
bi concave 

"'K Seefigr49(o). 

(6) Convexo concave or 
Concave meniscus 

See fig 49 (6) 

(c) Plano concave 

See fig. 49 (c) 


(6) Concavo convex or Convex , 
meniscus. ,See fig. 48 (b) 

(c) planoconvex 

See' fig 48 (c). 



Fig 49 (a) 


ion n( between the action of a lens and a combK 

ion or truncated prism: — 


nation < 
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Take a prism of a small angle and truncate it by means of 
removing its prism angle portion Keep on both sides of it sucli. 








Fig. 50 (a) Fig 50 (6). 

truncated prisms but of gradually increasing angle of prism as 
shown in Fig 50 (a) and 50 (6) 

We know that the deviation sufiTered by ray is directly pro- 
portional to the angle of the prism Hence a parallel beam 
ingident as shown m figs will go on suffering increasing deviation 
as they are more removed from the central portion. The deviation, 
takes place towards the base of the prism Thus the converging- 
action of the convex lens and the diverging action of the concave 
lens becomes apparent. 

§ 4. Optical Centre : — I^t PQ be an incident ray on a les.o 
Oj and Og are respectively the centres of curvature of the ntw 
surfaces of the lens respectively 

Join 0} to Q and from O 2 draw ' p * 

a line parallel to OjQ and / Aoy^ 

let it intersect the second surface / 

of the lens at R. If we draw j • 

tangents at <3 and B respective- I I 

ly, they would be parallel to » tPv 

each other and hence if we were \ & X '' 

to consider surfaces just near ' . ‘ - 

Q and B, it would constitute a p. 

parallel slab of glass Hence, 

corresponding to an incident ray PQ we shall get the emmergent ray 
B8 which would be parallel to PQ 

Join QE This would give the refracted ray inside the lens, 
intersecting the line joining Q and at A 

In Ah O^AQ and O^AR, we have 

/_OiQA=Z,OzRA being alternate angles formed in between the- 

parallel lines OiQ and O^R 

Z.O1AQ = A O2AR (beiD g vertically opposite , 

and hence, the remaining angles are also equal 

Therefore, A® are similar and we have 

O^A - OS 

But, OiQ=OS OS=02C (being radii of the same 

spheres). 

Making these substitutions, we have 

O^A OS 

O 2 A — O 2 O 


Fig. 61. 


. ( 2 ). 
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We already know that if 


a 


a 


m 


b ~~ d ' b ~X~T— rf 
Making use of this in eqn. (2), we get 

OgA OgO OgG — OgA AO 

Thus 

AG OgO ~ tg 

radius of curvature of first surface 
radius of curvature of second surface 

«n)i we find that A divides the thickness of the lens inter- 

naljy m the ratio of its radii of curvature. This point A is called ' 
’cne optical centre. < , ' 

thfl consider the ease of a meniscus, we can prove ' 

Due property of the optical centre. 

oi?*Va? cenhe as a point so situated 

or thickness of the lens irUtmally 

or exUmally %n tU ratio of its radU of curvature, 

i Blab of glass the emergent ray is ' 

thiclinpsH nf displacement depends on the " 

^ slab. If rt is zero, the displacement is also zero 

rav ® and consider an inddent' 

§5. Cardinal points:— If u'e consider an incident beam^ 

parallel to the principle a^s, 
after refraction through ' a 
lens ({ e , after being refract- 
ed through both the surfaces 
of the lens) converges to 
(as in convex lens) or 

appears to diverge from 

(as in concave lens) a point 
situated on the principle 

axis. This point Fg is called 
the image focal point of the 



Fig 52(a) 
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lens In convex lens is real and the distance AF^ from the- 
surface of the lens upto the focal point is called the focal length and 
IS — ve While in concave lens, F^ is virtual and the focal length la 
+ve See figs 52 (o) and 62 (6). 


If we consider a beam coming from a point (fig. 63 o) or 
directed to a point on the 
principle axis (fig. 53 6) such 
that after refraction the 
emergent beam is parallel to 
the principle axis, the point 
•Pj IS called the object focal 
point and the distance 

AFj=AF2 




Here we- 
shall consider 
only thin lenses 
of small aper- 
ture The lens 
IS thin that the 
distance can be 
measured from 
any surface 
Normally the 
optical centre is 
taken coinci* 


These two focal points together with the optical centre are 
called the Cardinal points and are useful in image formation 


§6 Image Formation : — Let PQ be the object Draw PM 
ray parallel to the principle axis After refraction it must pass 



Fig. 54 (a) 


(fig. 61 (o) through imago focal point F. PN ray parsing through 
object focal point Fj, after refraction goes parallel to the principle 
axis A raj passing hroiigh the optical centre A goe<! iindoviatcd. 
All these three raja meet (fig 54 «) at P' and therefore P' !•= the 
imago of P, The aanic procedure can be followed for all po.nt*? in 
between PQ and wo got the corresponding image P'Q\ 
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In the case of convex lens the image is real and inverted while 
for concave lens, it is virtnal and upright ^ ^ , 

Note — ^For practice, take PQ at venous distances from the 
lens and find the position of the image P^Q\ ' , 

§7. Magnification : — As in mirrors, the magnification of an 
image is defined as the ratio of the linear size of the image ’to the • 
linear size of the object. . 

, Afs=//C?, where M is magnification, I and 0 are the 

lengtbs of the image and olyect respectively. 

See Fig 54 a Consider As i^AP, and PQF, if is' coii- 
si ered as a straight line at right angles to the principle axis. 

mirrora^^ similar as already explained in the chapter of 


Hence 


■or 


■or 


•or 

or 


PQ ~F^Q' 

Here AN=P‘Q* being between the same parallel hnes 

Therefore -^P-i AF^ ' 

PQ FjQ ~AQ-AFi 

Substituting P‘Q’ =_/. PQ=0, APi=-/ and AQ=u, we have 


0 «-(-/)- a+/ 

ifstss 


0 u-\-f 

Similarly, the As P'Q’F^ and MAF^ are similar 

Hence [P. 18 , the point of inter- 

A if AP« section of Aif' and AQ'^ 

P'Q’ Q’A~AF „ ‘ ‘ . 

PQ ~~ AFg 

—I 

O ==~=f 

if= 

O- f 

Also in similar As AP'Q' and APQ, we have 
P'Q'fPQ==AQ’lAQ ^ 

—l{0=—vju 

Ms=vju 

Thus the magnification formulae are 

if=— / ■ 

«+/ 

_ f—v 

§8. Relation between •», V and/ 1 — 

Hquating any two of the above formulae we get, 


ar . 
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Cross multiplying, we have 

«(«+/)=«/ 

or vu+rf=:vf 

Taking terms containing / on one side, 
vu—vf~vf 

Dividing the above equation by uvf, we get 


vu uf vf 
uvf ~ uvf ~ uvf 



Note — Students are advised to prove magnification formulae 
and thence the relation between u, v and / for a concave lens them- 
selves The relations are the same 

ThuS) for a spherical lens, 

. J_ J 1_ 

V u £ * 

§9. Relation between u, v and/ for a spherical lens con* 
sidering it as made up of two spherical surfaces : — 

Let us consider a lens with two spherical surfaces XYZ having 
radius of curvature YOi—Ti and XUZ having radius of curvature 
' K 

Let us consider 
an object at P such 
that YP=u. Refrac- 
tion takes place at 
XYZ at air glass sur- 
face and the image 
<Q' IS formed at a 
distance v' from Y 
This refracted ray 
falls on the second 
•surface XUZ and re- 
fraction takes place 
*gain at this glass I-ig, 55 

air surface For this 

Q' behaves as the object and u^UY-\-YQ'=:t+v’ where ^ is the 
thickness of the lens. But we are considering very thin lenses for 
which t=0 and hence here object distances^'. Let the final image 
be formed at Q at a distance v from the surface of the lens. 

Thus when refraction takes place at first spherical surface 

XYZ, 

(t) rays are going from air to glass 
(tt) object distance is v 
(n») image distance is v* 

(tt?) radius of curvature of the spherical surface is 
Therefore, according to the formula i for re- 

^ V T 
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fraction at a spherical surface (see §s 3 and 3) chapter 5, ive get 


u 


The refraction at the second surface XUZ^ 

(i) rays are going from glass to air ' ■ ^ 

(it) object distance is »' 

(lit) image distance is o ' 

(ic) radius of curvature is r». ' ’ 

Therefore according to the relation for refraction at spherical 
surface, we get 


But 


hence eqn (2) becomes 
1 ^IV-aa 


V 


...'(3) 


Multiplying both the sides of equation (3) by we get 

Mag ♦ l/tTog Mog Mag * ^/Mgg — Mo* 


or 




V 

Mag 
' «' 


f Mag 


... {i) 


Adding eqn, (Ij and (4), we have 

Mag 1,1 iiag ftoff— 1 


T 


1— Mgg 


or 


u ' V V r, 

^ 1 Mag — 1 Mag 1 

V 


u 


'2 


(5) 


(6) 


Putting {t for {x<,j above becomes 

V « \ r, fg / 

If we consider incidence from oo, i e if 11=00 such that the in- 
cident beam is parallel to the principle axis, according to definition 
»=/ and we get from (6), 


or 


-^=(,-1, (±_i) . w 

The value of r. A s depends only on the material^ of the 
>rm of the surfaces and hence for a given lens it is a consca 


and fo: 

Therefore, the value of/ is constant. 

Making the substitution of eqn. (7) in eqn. (6), we get 
111 


TSl 


V 


u 
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The above treat nicnt and relntions ore true for any form of a 
lens and in general for a sjdicrical lens, no get 


V u V ri r- y 

(i-i)nnd 


f 

i. -L i- 

V u “ f ‘ 

' §10. Dependence of / on radii of curvature : — 

For a double convex lcn<?, the first surface has — vc radius 
while the second radius is 4-'’c and hence the relation is 

For double concave lens, rj is -}-vc while is — ve, and 
we have 

|=„-„ 

For meniscus, both and r„ have similar signs and wo have 

t ='- k ^ 4 ) 

Here for convex lens, > ij and for concave lens Tj > rj. 

For piano convex or concave lens as one surface is plane. 

(i) ^ 

As r, 18 00 For convex surface r is — ve and +ve for concave 
surface. 

§ 11 Relative positions of object and image : — One method 
of discussing this is the same as discussed in 3rd Chapter for 
mirrors Here, we discuss another method. 

v, u f 

For a convex lens,/ is — ve, and hence 

1 1,1 f-u 


>- / ^ 
vf 
v= 

f~u 


u 


uf 


( 1 ) 


(1) Eqn (1) can be written as 
vf f 


(2) If 

(3) If 

(4) If 
(o) If 
(6) If 


1 ) //»— 1 
Here, if u<= oo, v=/ and is — ve 


u > 2f, v < 2/ and is — ve 
u=2f, Vt= 

u <2f but > /, V > 2f and is — ve 
u=f, v= CO and is — ve 

u 18 less than /, v would be -fve and greater 
than/ 
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Thus, we find that for all positions of object beyond focusj ^ 
get real and inverted image. It is magnified if the “object is 3 
between focus and 2/. For the position of the object between foct 
and pole, the image is on the same side as the object and is tci 
virtual and magnified. 

All these positions are denoted in the tabular column below , 


^ Position of object I Position of image 


1 At pole 

2 Between pole 
and focus 

3 At focus 

4. Between focus 
and 2/ 

5 At 2/ 

6 Beyond 2/ 


7. At CO 


At pole 

Beyond 2/ on the 
same side 
At 00 , on the other 
Side 

Beyond 2/ on the 
other side 
At 2/ on the other 
side 

Between / and 2/ 
on the other side 
At focus on the 
other side 


Nature and magnifiea 
tion of image 


Virtual, same size, uj 
right ^ 

Virtual, magnified, uj 
right ^ , 

Real, magnified, iaverU 
/ 

Real, magnified, ihverb 

Real, same size invertt 

Real, diminished, h 
verted f 

Real, diminished, « 
verted 


The convex lens is called a magnifymg glass by virtue of it 
formmg a magnified virtual image of au object when Held close t 
an obj*ect. . ' ' 

In the case of concave lens, /is 4-ve and hence the. eqn ^(1 
becomes 

« 4 -/ 1-rflu 

For all value of u from O to oo, denominator is greater <*■ 
equal to 1 and hence, u is always less than or at the most equal toj 
The sign of v is also +ve and hence the imago is formed on tn 
same side as the object The image is, therefore, always ^virtuaJ 
•diminished upright and is formed between, pole and focus 

Thus we find that the behaviour of , convex lens is’ simil®^ 
that ^ concave mirror and of concave lens to convex mirror. 

12 Power of a Lens : — ^Power of a lens is defined as tli< 
reciprocal of its focal length. Renee, if,” P would be the power d 

lens of focal length /, we have, ‘P=-^ , Smaller' the ‘ focal leng^^ 

of lens more will it converge "or diverge _ Thus, the capacity 
verge or diverge depends inversely on the value of its focal lengtJi 

iti 


The unit in which the power of a lens "is measured — 
dioptre^ - If the focal lengtb of 'a lens is 1 ■'metre or 100 
power is called 1 dioptre Obviously, a lens of focal 'length iu 
« e , metre ^1 have a power of 10 dioptres. 
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Usually the power of a convex lens is said to be +ve with — ve 
focal length and vice versa for concave lens. This is the practice 
followed by opticians But %n this book we shall consider the same 
sign for power as for focal length. 

§ 13. Power of the combination of two lenses : — 

Let us consider two lenses of focal lengths /j and/g respective- 
ly kept in secure contact with each other An object will first form 
image after refraction through the first lens These refracted rays 
^would then pass through the second lens In other words, image 
formed by first lens will behave as an obj'ect for the second lens 
and then the final image will be formed 

Let for first lens of focal length /x, the object distance be u 

and the image distance be v' Theu, according to the general equa- 

* 111 , 

tion we have 

V u f 

1 1 ^ 

v' u -/i 

For the second lens of focal length /g the object distance would 
bev'. Note here that the thickness of the lenses is negligible and 
hence, the distances measured from any surfaces of the lens would 
be the same 

Let the image finally be formed at v. 

1 1 1 _ 

V ■“ /2 

Adding eqns (1) and (2), we get, 

1 jl_ _^_1 J_ J_ 

U V A A 

1 1 11 


( 1 ) 


Then 


( 2 ) 


or 


« A '^A 


(3) 


If we treat both the lenses as behaving like one lens of focal 
length F and If u is the distance of the object from such a lens, the 
image is formed at v Hence, 

i — -1=4- ... (4) 

V u F 

Comparing equs (3) and (4) the I h. s of which are equal, we 

111 /rx 

If P denotes the power of the combined lens and and pg 
respectively the powers of the component lenses, per definition, we 
have 

P—Pi+Pi ( 3 ) 

ThuS} we prove that the power of the combination of two 
lenses kept in contact is equal to the sum of the powers of the 
component lenses. 

The focal length F or power P of the combination of two 
lenses 18 called the focil length or power of an eguiialenf tms ie, 
a Is '13 whioli cm replicc for all purposes tuo lenses kept together. 
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> - ' ^ 
As an exaroplo, a convex kns of focn] lengtij ]0 cm. when 
combined with a concave lens of focal length 20 cm. would behave 


as a convex lens of focal length 20 cm. 

Ill 1 


Because, 

Hence, 
§14, 


-+A = 


1 

20 



2(’s=— 20cni. 

Determination of focal length i—For C( nv(X lens : — 

1 By one pin, — 'As ^ shown i' : 
fig u6 mount a convex lens and a pm K 
on opticol bench Mount a plane mtrro* 
behind the lens and close (o it. Observe 
from the pm side Adjust its distance in 
such a way that there is no parallax bet- 
ween it and its inverted image 

This will happen when the pin .is at 
^jg so the focus of the lens Bays starting fro© 

it would then be refracted from lens 
parallel to the principal axis. A plane mirror placed behind woiilcl . 
normally reflect these back and the rays would retrace ^thoir path ' 
forming the imago at the pm itself. The position of P is independent'^ 
of the position of the plane mirror But it is advisable to keep the 
plane miiror as near to the lens as possible This will make the lose 
of light less and if the mirror is not properly put, the beam would 
be much deviated. * r » 

Measure the distance between the pm and lens This is focal 
length 

Parallel beam coming fiom sun can be focussed sharply on n 
screen and the distance between the screen and the lens would then 
give the focal length of the lens. " 

2 By two pins. — Mount two pins P and Q on either side of ^ 
the lens as shown in fig. 67. Preferably adjust the pin P at such A 



to “A. T B of Praotical Physice*’ ty authors for details* 
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distance that when viewed from the otliei side we get an inverted 
imago of it Remove parallax between it and another pm Q The 
distance of P and Q 
respectively from the 
lens gives u and v 
With the help of the 

, relation — — 

\ V u f 

*^alculate/ remember- 
ing that V IS to be 




t xi 



Fig. 67. 


....... .... 

' A 

V 



substituted with a negative sign 

Here we find that, like mirrors, Q can be made an objeot 
when the image would be at P The positions of object and image 
are therefore interchangeable. Such two points (true for real 
image) are called conjugate points and hence the above method is 
also galled conjugate focii method. 

Ksplacement method : — As explained in method 1, find 
the foSal length of the given lens approximately and fix two pins 

P and Q at a 
distance greater 
than 4/ from 
each other. 

Introduce 
the given lens 
in between the 
two pins in such 
a position say 
Zrj that there 
18 no parallax 

between one of the pin say Q and the image of the second pm P. 
P IS the object and Q is the position of the imag6. 

Hence u=LiP and v^^L^Q- 

Now, we know that P and Q are conjugate points and hence, 
what is u in this case can be v in other case and v can be u There- 
fore, if, the lens is displaced to the position 

LJP=L^ and L^=L-iP, parallex will again be removed 
between the image of P and the pm Q 

Note — here instead of viewing from the other side and inter- 
changing the joles of P and we have changed the distances to 
suit the condition of conjugate foci by shifting the lens 

Let LjP^L^Q be equal to c, LiL^=b and PQ—a 

Thus, a=o-t-b-f-c=l>-i-2c 

a — b 


Fig 68. 


or 


c= 


2 




Considering the lens in position 
a—b 
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and 


c = 64 


a—h 2b-\-a—h a-f-6 - ^ 

-^=—2 - 2 

and remember that v is »-ve* 


1 ' 1 1 ■“ 

Substituting these values in the relation -j-s=-^ — we, get 

11 1 
f 


<246 a — b 

'~r~ ~J' 


— ! 

• 2 ^ M 

] 

► a+6 ‘ a— 63 

= -23 

^ Q — 64 ® 4'6 

< 

> (a4-6)(a— 6) 

aS-6= ^ 

J 

4 a 


. (ly 

- 1 

Thus, to determine Jl the distance between the two pms a and 
the displacement of the lens b is measured. ’ 


Eqn (1) can be rewritten as 

a^-~h^=4:af, the — ve sign is neglected as it only denotes 
the focal length of the convex lens 
or 5*s=a^ — 4a'/s=:a(a — 4f) . ' (2) 

If the distance between two pins is ass4f, according to eqn, (2) 
52=0 or 6=0 

and hence, there would be only one position possible . for the lens 
For 6 to be a real quantity, the r h s must be 4-ve. This is only 
possible if a is greater than 4/ If a is less than 4/, o— 4/ would be 
negative and then the square root of a — ve quantity ‘ is imaginary* 
In other words, for o < /, there would be no position of the lens ' 
for which parallax would be removed 

^Thusj we say that the least distance between an object and its 
real image is 4f where f is the focal length of the convex lens^ 

^ Merit of the method : — In the first and second method w^ar® 
required to measure the distances &om the surface of -the lens' ano 
hence, if, a lens is thick, it would be a great source of error. 
method discussed above, no^pieasurement is made from* the surface 
of the lens Only the distance between the pins and the displace* 
ment of the lens is measured As such thickness of the lens doc ^ 
not cause error in the measurement of any quantity. The meth0a» 
therefore, is particularly suitable for thick lenses 

However, it is to be remembered that as 4he' distance betwe^ 
the two pins has to be > 4/, the method is suitable only for fense ^ 
of short focal length ' ' * ' , ' 

The plane mirror method is suitable when the ,lens has large 
focal length. 

For concave lens : — ' ' 

1 By combining it with a convex lens : — A concave 0 ^® 
forms Ur virtual image and therefore, as in the case of convex mirr 
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it IS more difficult to locate their positions A concave ilens, there- 
fore, 13 comhined with such a convex lens (of shorter focal leiigth) 
that the combination behaves as a convex lens. The focal length 
of this convex compound lens F can be determined by any of the 
methods described above. Similarly, the focal length /j of the 
convex lens can be determined Then, with the help of the relation, 
(l/J’=:l//i-fl// 2 )/o, the focal length of the concave lens can be 
determined 

2 By keeping a convex lens apart : — As shown m fig 59, a 
real image Q of the object P is formed by a convex lens. The posi- 
tion of Q is noted by use 



of a pin. In between this 
pin Q and the convex lens 
A is introduced the given 
concave lens. It has the 
diverging properties The 
incident rays directed to- 
wards Q now diverge and 
meet at F. Thus, with 
concave lens in between 
the real image of P is now formed at B. This position is located by 
parallax method 

Now for the concave lens in position B, Q behaves as the 
virtual object and hence u=-"BQ and B is the image making 

v~—BB 

Substituting these values in the relation ~ — we get 


Fig 69 


or 


V u 

BR K BQj- S 

J 

BQ~~BR ~ f 

Thus, knowing BQ and BR distances, / is known 
3 By using a concave mirror : — ^The centre of curvature 7 
of a concave mirror can be determmed by removing parallax between 

the pm and its im- 



cQse, 

lens 


age If the given 
concave lens is 
mtroduced m 
between I and 
A, the parallax 
between the pm 
at 7 and its 
image would be 
produced In 
order to remove 
the parallax, the 
the rays starting 
would fall on the 


pm will have to be shifted to I' In this 
from r after refraction through concave 
mirror normally and hence would retrace back their path to 7' If 
the refracted rays at concave lens were to be produced backwards, 
they would appear to meet at 7. Thus, corresponding to the object 
at 7', 7 would behave as the virtua|image. Hence. 


rREtJKlVESllblTy rills SICS 
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Vi: 


?/=;?/' and v^BJ 

Therefore, -4- = -i— - ~ -i- L. 

f V u -'BI JU' 

Knoxring BI and BI\f is calculated. 



-1 _ T> . , 

RBirfnri* of curvature (o) Ola convex 

6 rtace . Mount a pm p , a convex leas B and the given convex 
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surface A in such u ivnv that ivlien seen from the pm side there is no 
parallax bolwocn the pin /■* and its ni%crted iningo See fig 61. This 
iiappens when the rays starling Irom /•* aftoi refraction at lens JS 
fall on the convex surface normally Thij^nre, therefore, reflected 
back along the same path ind hence retrace back their path to P. 
If the rnvs at convex sui face are allowed to proceed they would 
meet at G which would obviously bo (lie centre of curvature of the 
convex surface. TJie convex surface is, therefore, removed the 
position C IS determined b3' rcnio\ing jiarallax between the image of 
pm P and a second pm plaotd at (7 The distance BC obviously 
gives the radius of curvature of the convex surface If it is a mirror, 
half, of it would give its focal length 


^ (6) Of second surface of a lens i — This method is to be per- 

formed m a dark room Let us suppose we are to determine radius 


/ 




of curvature of the second surface of the 
lens as in flg 62 Mount a self luminous 
object at P m such a way that an imago 
is formed on the screen placed at tlio 
same place as P This moans that ray 
PM after refraction at ilf fall on the 
second surface along the normal MN 
Apart of it IS reflected back along the 
same path forming image at P If NM 
IS produced backwards it would meet at 
O which would be the centre of curvature of the 
the lens 0 would also behave as the virtual 






Nr. 


o 


Fig. 62 

second surface of 


as the virtual image of the real 
object P formed due to refraction through the lens Note here thot 
the ray 3£N is incident normally on the second surface and, there- 
fore, would be refracted as such 


If / be the focal length of the lens determined by other method, 
■Ms=^P and v=r 2 —A 0 , the radius of curvature of second surface, 
we have 


1 i L 

f ~ V ~ u ^ r2~~ u 
But / of convex lens is — ve 

hence — ^ =-^ ^ 

or 1 _ 1 1 _ f-u 

rg M / vf 

Thus knowing u and /, rj is determined 


( 1 ) 


§16. Determination of refractive index of a precious liquid 
available in a few drops : — As shown m fig 63, mount a plane 
mirror horizontally and place on it a convex lens of small focal 
length Mounting a pin P find the focal length of the lens by 
removing parallax between the pin and its image AP distance 
gives /j, the focal length of the lens 

Now in between the lens and the mirror are introduced a few 
drops of a liquid This forms a piano concave liquid lens in 
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between. Thus, we get a combination of convex glass jene and a 
liquid piano concave lens. Obviously the focal lenglJi F of this 
combination would be greater than /j. Hence, now the parallax 
would be removed at Q Measure AQ which is equal to F Now ’ 


1 1 1 

P"/. ■’"Ti 



where/2 IS the focal length of the liquid lens whose refractive index 
IS fXoj, knowing /i and F, /g is calculated ’ . 


Now according to the relation. 


7— 


-i-=(l*al-l) (~ — ^ 

V- V »-i r^J 


f \t~at 

J 2 V \ 
for the piano concave liquid lens 




Being the piano concave lens, 00. Hence, 


f 2 







In the above expression >j is the' radius of curvature of «tbe 
concave surface of the liquid lens which is same ^as the surface of 
the glass lens m contact with th'c bquid Vj, therefore, is either 
determined optically or with the help of a spherometer 


Knowing /a and r„ with the help of eon ( 1 ) u„i, the refractive 

index of the liquid IB kno^vn ^ / 
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^17. Distinction between a convex and a concave lens - — 

Co7ivcv lots Concavt lens 

1. It IS bulging from the centre 1 It has depression in the 

centre. 

2. It IB thicker at the centre 2. It is thinner at the centre and' 

than at the rim thicker at the nm. 

3 When held near an object 3 It forms a virtual hut dimi* 

forms a magniHcd virtual nished image, 

image 

4 When the lens is slightly, 4, With the movement of the 

displaced to and fro, the lens, the image moves in 

image appears to moi e in same direction, 

the reverse direction to the 
movement of the lens 


§18. Uses of lenses:— 1 Both types of lenses find a variety of 
uses in the construction of optical instruments like telescope, micro- 
scope, binoculars, photo camera, etc 

2 To remove defects of vision, they are used as spectacle 
glasses # 

3. Convex lens is used as a magnifier and a combination of 
both types as condenser of light. 

§ 18 * 0 . The optical Lantern : — It is an apparatus used for 
projecting a magnified image of a transparent object Its mam parts 
are (a) a bright source of light, (d) a condensing lens, (c) slide for 
introducing the object to be projected and (d) a projecting lens 

(o) Bright source A , — It is an arc lamp or any other bright 
source of light 

(6) Condencer C , — It consists of two piano convex lenses kept 
apart The convex sides face each other Its function is to con- 
centrate light on the object to be projected 

(c) Slide — This is an arrangement in which the film to be pro- 
jected IS placed It is so placed that it is well illuminated by the. 
condenser 


(d) The pro- 
jecting lens P L — ^It 
consists of a combi- 
nation of two convex 
lenses of short focal 
length kept apart 
so that it behaves 



as a lens of very Fig 64 

short focal length 

Consequently it forms a magnified image P'Q' of an object PQ on 
the screen S 
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§18-&. Epificope. — It IS 



an arrangement to project magnified, 
image of an opaque object like the' 
printed picture, printed material, etc 
The arrangement is clear from fig. 65 

L, L are bright sources of light. 
They illuminate an “object “PQ coveted 
with a glass sheet to avoid heat radia 
tions falling on it. The object scatters 
light in all directions A part of it is ' 
condensed and projected by a lens 
After reflection on a mirror M, tlio: 
image falls on a screens. Naturally, as 
only a part of the scattered light is^ ' 
projected, the brightness of the image 
IB very low as compared with the image^ 
in magic lantern ' ^ 

A combination of magic' lantern 
and episcope is called Epidiascope. 


A few specimen examples : — 1* An arrow 5 cm 
ts placed longitudinally in such a way that its nearest arrow head is at 
a distance of 15 cm, from a convex lens of focal length, 10 cm. 
the position, nature, and magnification of the image. 

See fig 66 A point is 
situated at a distance 15 cm 
while S point at a distance of /f* "b* 

20 cm from the lens. 


If and Vz denote the 
•distances of the corresponding images, we get 
‘ 1 


Eig 6D 


^nd 


'15 

1 

‘20 


10 

1 

10 


Solving eqn. (1), we get 

1 1 1 -3+2 1 

«i 10 ■^IS “ 30 ~ 30 

Vj=— 30 cm 


(3) 


^ t 


( 2 ) 


Solving eqn (2), wo get, 

L_ 3,1 -2+1 1 ' 

t'2 10 '*'20 ~ 20 “ 20 

Vn—’— 20 cm 

Therefore, the image is 30 — 20^=10 cm long, with A head 
*i distance of 30 cm and i? end at a distance of 20 cm. from th* 
^cns. It is real and magnified to double the size, > , , 

Example 2> Aconvexlensof focal length 10 cm. forms a jea^ 
■image three times as large as the olgecl through what distance shaaldu 
itc moied to make the mugmficattbn only tuo times as large ^ _ j 

Here tJ/ws=+3 ' " ’ 

/. t>5»+3« But as it ia real, it is with — ,Te sign. 
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or 


Then becomes — 

V u j 3u 

-1-3 4 1 


u 


1 

10 


Now 

Hence 


8u ~ 3u~~ 10 

cm. 

vlu=s:2 

1_ 1 -2-1 

2u 


or 


u 2u 
u=15 cm. 


2u 


1 

10 


Initial position of the object is 40/3 cm It has to be shifted 
40 5 

through 15-^ - 5 - =- 5 - cm away from the lens 
U o 1 o 

Examp^/imfn a displacement method for determining the focal 
length of a lens\^t7K'sizes of the images for two positions of the lens are 
respectively 2 cms Calculate the size of the object If the dis- 
tance between the mb screens is 9 cms , calculate the fecal length of the 
lens 

See fig 08 If d IS the size of the object, and di, d^ the sizes 
of the images in the two positions respectively 

m position L,, 

^ u 0 

64-c di 


or 


c. 

c 


d 

d. 


and in position in, j~=-^ 
b~Te 

Multiplying equations ( 1 ) and ( 2 ), we get 


( 1 ) 

( 2 ) 


64 -c 

6 


or 


6 -{-c 

1 = 


d 

ikA 

d. 


h. 

d 


or d~—djd^ 


Hence 

Now 


and 


or 


or 


vju 


d— dj dn» 
d=v'2 x 8 =4 cm. 
0=9 cm 
L,Q 2 . 


4., 


LiP 

4v—2u 

Substituting value of cqn (4) in eqn (3), we get 


(3> 




u-f 4-=9 


or 


3« - 
- 7 - =9 


or 


f/=G cm 
I —3 cm. 


V 
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Hence. 


1 . 

/ 


i- i- 

V u 

1 -L 

“ 3 6 

/=2 cm. 


-2-1 ~3 


6. 


3 

2 


^*T ^ 0//OCCZ /en/yfA i£> cw. ,5 held completely 
® incident on 1 


Or 


or 


or 


In air glass medium, ^ _L L\ 

-10 (t -r)=-®r ---) 

Wi r^J 10 ^ -G T 
In water glass medium, — f _L 




(1) 


Substitutmg th-e value of(^-l_.lXfi.oxn oqn. (1) , we get 

TKr3-i>-T>^ 


15-13 1 


/= 


65 


13 
: — 32*5 cm 


^ 5 ~ 6^ 


The beam will be focussed at a distance of '32'6 cm in water. ^ 

fo0havf?fL";^diverum^^Ss^ 

8 ^8 lens and not bke a convelrging one, „ ; ’ 

•es 10 distance between a convex and a concave hns - 
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, (a) If the;, 

incidence is first 
on A, the beam 
would 'after re- 
fraction at A 
-’meet at (? at a 
distance of 20 
cm from., A- 
'See fig. 67 
Bat as the con- ; 
cave lens is ih 
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between, it would now meet at O' Therefore, 

for concave lens of /=20 cms u=BO=AO—AB=20~10=lO cms 


or 


•or 


Here, v is — ve 


rr 111 

Hence, — =-7- 

V u f 



1 1 2 . 

V “10 ~10 


.. ?;s=oo 

Hence, the final image is at 00 . 

If the incidence is from concave lens side, the beam appears 
to diverge from 0 at a distance of 20 cm from the concave lens B. 


A 



JTor convex lens, therefore, the object is at a distance 
u=AO=AB-{-BO=10-{-20=:30 cms 

I 1__J_ 

V « ~ / 

II 1 

V “30 ~ 20 

1 1.1 -3+2 1 

' 20 +30 “ 60 ~ 60 

V V— — 60 cms 

The image would be ical and at a distance of 60 cms from the 
convex lens 

Example 6 A vlono convex lens is siltcred on its plane side. 
It then ads hie a concave imnor of 25 an fecal length If it is 
Silvered on its convex side it acts ItLe a concaic mirror of 9 cm Jocal 
length Find the refradtee index of the lens 

When the plane Side IS silvered, it is equivalent to a convex 
Jens on a plane mirror. It behaves as concave mirror of f—25 cms. 


so 


rjiBu>rrj;K*5iry vnvhtot 


[CtuT, vii; 


ie * of radius of curvafwro T.O vm Thni is art Olyc'pl phci6 H 

‘ r ‘OiJigo al«o^ fit lh<- siuae 

place Therefore, focal Icugili of tlic leu<f is <iOi cm ' ^ ' ' 

WJion convex side is silvered, nti abje^ placed at IS ems frojns." ' 
It IS imaged at the eamc place. Itcrtcc If r m the rndma of euriaturc 
01 the convex surface, m c have (See §I.^(t»). 

Ill ‘ . ' 


or 


r, 

1 


or 


V 

i 

'is' 

r. 


7' 

L 

“ m 

I 1 


'fs ^0“'450 


2r,~n 16 
irio 


d.io 

*■'>” -i/T- 

“ 16 


I 


SS-^cnig. 


Now 


7 ='-) C^-i) 


•{p— 1) IS CO being plane. 

'fi 


Hence — 


I 

CO 




or 


^^"=l-6><56-="i6 


p=l+ j-g- «1 0025. 


QUESTIONS 


position;n??on5.“®P''“^ « «t8 importance T 


^^T8ca"§“) 


ween focal ?enffth “ spherical Barface, doduoo a wlation bot- 

botween t;;®/ «««-vature of a lone Honce, get a jlaOoa 


powers of the comXe'St Kes®^ <= 0 “POUnd lens « equal to the 




^ h(fd°”*^*^ determine {t of a liquid with con\ esc lens plans 


mirror method ' " „ ,itju,a yrim cou> 

7. How will you distinguish betweon'a convex and a concave lens t 


8. "Write a short note on projection of pictures " (seef lT) 

® Csloulnte focal length of o piano comes lens Given P==l ^ 

r-ioom. ^ (Ans/ zoom) 

, convergent beem of light passes through a divergent lens of Tocsl 

azucm andis brouorht to n fnrtno ni » IK ^ fhn'lens •in 


IfiTurfi, on .. ''“‘V ‘"om or iignc passes through a divergent ions oi 

aSco of ^ *5°'^ brought to a focus at a point 15 om behind the lens ^ In « 
absence of the lens where would this beam have mot ? " ( Jns. ' 8*67 cm J , 

-* . - V 
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11 The imago formed by a convex lens is 1 5 larger than the object. 

The distance between the object and the screen is kept fixed If, now the lens 
IS displaced through 25 cm , an image is again focussed on the screen It is 
dimmished. Find the focal length of the lens (Ai,s 30 cm ) 

12 For the two positions of the lens in the displacement method the 

size of the image respectively is 2 mm. and 8 mm The distance between 
these two positions of the lens is 25 cm Find the focal length of the lens and 
the length of the object (Ans /=16 66 , 4 mm ) 

13 A piano convex lens behaves like a concave mirror of radius of 
‘ curvature 60 cm when its plane side is silvered On silvering its convex side, 
|^*Mt behaves like a concave mirror of 1 8 cm radius Find refractive index of the 

^ material of the lens (Ana ^ 1 5625) 

14 A concave lens of 2 dioptres power is kept in contact with a convex 

lens of 1 dioptre Find the focal length of the combination of the lens so 
formed (Ana 100 cm behaves like eoncave lens) 


CHAPTER Tin 

PHOTOMETRY 


§1. What is Photometry The science of measorement oi 
light or comparing two sources of light is called photometry. " . 

The apparent brightness of a screen as it appears to the eve 
depends not only on the actual amount of light falling on the screes 
but, it also depends on the colour of light. Human eyes are not 
equally sensitive to all colours Photometry, therefore, ^dofis not 
apply to the absolute measurement but, it depends on the sense, ol 
sight also 

§2. Unit of light In order to measure light, we have to 
defines unit of light. For this it is necessary to choose a standard 
source of light A standard source of light is a standard candle. 
This is made of sperm was and weighs 1/6 lbs. It hnrns at the rate' 
of 120 grains per hour. 2sow a days it is replaced by more rehafele 
standards ^ 

The amount of light contained in a unit solid angle per sewed 
from such a source is taken as a unit of light. One such unit is 
lux or foot candle 

»* 

Lux . — It is the amount of tight falling normally on I ^ ois. 
area held at a distance of J cm tn 1 second from o iiandori candle - 

Foot-candle —It ts the amount of Itghl falling notmally ^ 

1 sg, ft. area held at a distance oflfi in a second from a Standard 

candle \ 

§3. Intensity of illominatlon: — If the amount of light falli^ 
normally on a screen of area A uniformly he Q, the iniansiiy cf 
-illumination I of the screen is defined as the amount of light falUftg 
perpendicularly on unit area, t.c,, I—QfA If light is not fallrogj- 
uniformly, we have to define intensity of illamination at a , 

Let the amount of light falling on a small area ‘a* round therequirea 
point be g Then, I at that point=sg/a _ ’ - 

Dependence of intensity of illomination on inclination ^ 
the inclmation of the rays falling on a screen increases from aorffl^j , 
the intensity of illumination proportionately decreases. If S JS 
the angle which the rays mate with the normal to the screen, 

I oc cos 8 

This is the reason why we try to hold 
a hook normally to the rays if we find that 
bght falling on it is not «nfific!ent. 

§4 Inverse Square Law : — Like 
inverse square law in gravitatioo, magnetism- 
or electrostatics, the law here also states 
that the intensity of illumination of a screen 
varies inversely as the square of its distance 
from a point source. 

ve, I oc 1/d®, where d is the dis- Pig.*®*;- 

tance between the point source and- the screen 




rUOTOMKTRV 


83 


CuAr. vmj 


Imajimo a paint pourcp 0 gi'ing Q nmount of light per second 
If wo vroro to imngiiip n Pphero of rnduH If, surrounding 0, the 
intonsity of illumination ni any point on this imaginary sphere 
would bo 


... ( 1 ) 

If we nore to imagine a sphere of radius //j, it would bo 

/ 5 =-(?/ 1 w «.8 . ( 2 ) 

Dividing cqn. (Ij bv eqn. (2), wo get 

Is V/'l-AV 

or /, .. (.3) 

1 


■or 


/ oc 




( 4 ) 


If, inlonsity of illumination varies mrcrsely as the square 
onts dibtanco 

§5. Illuminating power — ^Tho amount of light given by a 
^ source depends on a quantit} which is called the illuminating power 
of a source. The illuminating power of a source is defined in terms 
of a standard candle The illuminating power of a standard caiidio 
IS taken as one Hencen/ic tllummaiwg power of a source ts de- 
fined as how many (itiss a source ts more powerful than a standard 
candle or it is also defined as the raho of the amount of light given 
(ty a source per unit solid angle per nmt tune to the amount of light 
given by a standard candle under identtoal conditions, i c 71 

Illuminating power 

Amount of light given by a source 

Amount of light given by a standard candle under identical 

conditions 

We also know that if from a standard candle at a unit distance 
wo keep a screen, the intensity of illumination of it would be 




because a standard candle gives Q=1 (unit) light at a distance of 
1 cm on a 1 sq. cm area 

If instead of 1 standard candle, wo consider 10 standard 
-candles, the amount of light would be 10 times larger and thence, the 
intensity of illnmination of the screen at unit distance would be 10 
Obviously, the ten standard candles together are ten times more 
poweriul than a standard candle and hence, their illuminating power 
as ten 


Illuminating power of a source, then, can also be defined as 
numerically equal to the intensity of illumination of a screen 
placed at a unit distance from the source. 

It IS to be noted here that if the illummatiag power of a source 
18 S, the intensity of illumination of a screen at a unit distance 
■would be 5 At a distance 22 from it, according to inverse square 
law , it would be 5/22® 
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poWers cf" two. sources by . 
comparison or determinatinn f fi” device which helps us in 

The simple princmleTw^fi of optical source.^ 

tion of intensity of ilJiiminnf based is the bquahsa 

sources respeetfvejy ” patches produced by 4e tw • 

shown in 1*^70? w^th°^*anJr7^i^* consists of a light proof box as 
on opposite side ^ cture on one side and a' white, paper 



Vig 70 


powers as Si and^iS*^re^prf!^*Ji° illuminatinfi 

a and 6 respectively side hv » They foim two patches of hgbt 
of illumination of the Datchl>a^l^ shown in the fig. The intensity 
distances of the sources A and visually by adjusting the 

patches become eauallv hr.Id.+ •“ ,^'’0“ tbe apertuie ' When the 

of 4 and S reapeohrel^ froL ‘ a”„d IZ^ Zfh 

Than aa already oxplaiaed m 64 . 

^l^-7^=I^=S^JI}2 






(il 


one of the eour^^ dlummating powers are compared. 

the other IS known candle, the illuminating .power of 

photometor'*™Heil*in«tp**!?**f®*^ ' — * modification of simple 
I Patolies of light, the shadows arc 



compared J^or this purpqsCf 
aperture is replaced by an 
^obstacle. , , ^ , 

' Here O is the ob'itacle' 
and as shown if foria?^ 


Ftp. 71 


oiiu as snown ir nwiwh-, 
shadows of 0 due to A and /f< 

rt*Srt^ni»TrAl*t n4 j>m It 


^ — ^ MV rfJt- - 

respectively at a and 6. The 
shadou a docs not rccciVe 

from 15 while /irnp«, 4 r„,r ^*^0111 but rcccires, 

receives from A and not from jR. 0 and 6 portitma 



In to m'.Kf’ thr t<}>ot tii-appi %r. mIk n rcrn 1>j IranPnijtlctl 
< 1 - r< Ho* t* fj i(r!i(, t h>' lo*'* of I’cht eliou](J !»»• nndc Itj Keeping 

n otirr.' of light in oppo’-ito ihreotioji. 

I/3t 1 ami U fi’’ the. l«n .-onrcji of light With illuminating powers 
an*! r'^'Ppt e-livily L t <7 he the ^rca^e spot pinccfl m hetttcen 
the two Foiin es such that (?, nn<l per unit area aro the respective 
amounts of light falling on />■ from the two sources Let a and h 
he the co-f fiici' III of reflf ction for the 
grea«e Fpot and the rc«t portion res. 
pcctmlj f , «f unit light is incident 
■on It, « would he reflected from the 
grasPo spot and h from the remaining 
portion In other words, (1— a) and 
(1—6) would he transmitted respectively 
through the grease spot and paper. 

As Qi IS the amount of light incident 
from A, aQi and hQi wiirbo reflected Fig 72 

from the spot and paper respectively, 

i c , towards /? will pass ((2i—aQi)=Qi(l— a) from grease spot and 
Q^{l~b) from the paper. 

The light <2j 13 incident from B Out of these aQ, and bQ^ 
would be reflected hack towards B from grease spot and paper res. 
peotively and Q-Cl— o) and Q^l—b) would be transmitted 
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Thus, the totnl amount of light travelling towards A would be ^ 

from grease spot o<?i by reflection from ./I 

and <2-{l — fl) J>3* ^ ransmissioa from B . 

from paper ^Qi reflection from A 

transmlesion from B 


and 


m 

(4) 


.-.(51 

... n 

.. C) 
.. 181 

..[9) 
. .( 10 ) 


or 

or 


fiimflarly, towards JB would be . , 

from grease spot by rr flection from .S ^ 

and by transmtssion from A 

from paper bQ^ by refloetjon from B 

and (?,(1 -h) by transmission from JS 

Hence, when the groaso spot is seen from B side, 
total light coming from grease spot 

and from paper is ^ ♦« 

If the grease spot is to dieappenr, term (0) must be cqu 
term (10). 

ie, flOt-f<?a(l-c)=i<2i+e*(l~i') 

or Q^>i— •o(?2'i-0s— 

aQi—bQi^^aQz-^bQ^ 
ia—b)Qi^(a—l)Q^ 

As (0—6) IS not zero, hence ' [jjj 

Qi~Qs ^ 

The same can be proved, if wo view from S side. 

Thus, the essential condition for the grtasc spot to 
* e , for it to lose its distinctive feature is that equal 
light per unit area should fall from A and B on "the paper wi 
spot ' ' Q 

Let J?j and be the respective distances of A sod B ota 
when the above condition (1 1) is satisfied. , .j 

If /j and Jfl are the intensities of illumination, ».c.> 
of light per unit area Then ' , 

and 

Hence, . ,(13) 

o’f ■ ' Jted 

Apparatus and Method :— On an optical bench are mo®® 
(See Fig 73} the given two sources A and B and the gees 1 
shown. The grease spot 


o 


18 mounted in a box 
wath two apertures on 
opposite Bides The 
grease spot is backed 
by two mirrors at rt 
/.B in such a way that 
each mirror is inclined 
to an /, of 45® with the 
grease spot The grease 
spot now can be viewed - 

at Tight angles to the optical bench as 


r 


r 

J 


0 16 26 36 60 

M.iilmiiliiMlIniiiLt 


0. 


ee ”16 
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*' Fig'. 73 ^ 

both the sides of the, spol 
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are simultaneously imaged on the mirrors This arrangement has 
the advantage that we need not see from any particular side 

The distances are so adjusted that the spot just disappears. 
Using eon (12), the illuminating powers arc compared, 

§7. A few specimen examples : — 1. Two lamps of 8 and 
32 candle potvers respectively arc separated by a distance of 
120 cm Where should a gi ease spot be placed in between so that it 
disappears. 

^ Lot the distance from 8 candle power lamp be r. From 32 
c. p lamp It will be at (120— r) 

Then per relation (12) of §5, we have 

8 32 » 

ar‘“tl20-®/ 

1 4 

Taking square roots, we get 

J ___2 

T “120— » 

or 120— *=2* 

or 3a:=120 

or *=40 


The distance of the spot would be 40 cm. from 8 c p lamp 

It IS to bo noted hero that while taking square root, the — ve 
sign is not considered as it would give *= — 120 cm which is absurd 


2. An electric lamp hangs 4 ft above the centre of a circular 
table of 6 ft diameter. Find out how many times the intensity 
of illumination at the centre would be greater than the intensity of 
illumination at the edge of the table. 


Let the centre of the table be O and A 
the edge Let L be the Lamp See fig. 74 
Then iO=4 ft and 0^4=3 ft. 
LA^=LO^+OA^=4^+3^^2o 
LA=5 ft 

Hence, intensity at the edge 
7— 

‘~LA^-' 52 


be 



Fig 74 


and intensity at the centre 

T-A.-3. 

* LA^~ 42 

Thus 56 approx 

The intensity of illumination at the centre would be 1 56 
approx, times greater than than at the edge 

3. A lamp with a sheet of glass when placed^at a dis- 
tance of 40 cm from a screen produces same intensity of illumination 
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which it 'produced at a distance of 60 cm. from ii without the >sJieet,of^ 
glass. Find the percentage of light stopped bp the sheet of glass. 'i j. 

If S and S' are the illuminating powers with and without shcet- 
of glass, we have ^ 

S S' , 

50= ' . 


402 






602 ~25 

Hence, amount of light absorbed 

=:^S'-UI2oS'^Q/25S' ' , ' " - 

In >$", the amount of light absorbed is 9/255' 

95''' Oft 

Hence, in 100, the amount of light absorbed is 100s=36, 

» "* ** » 

Light absorbed by sheet of glass is 36%. 

QUESTIONS 

1 What IS photometry ? Define a standar d candle, l ux, « 

illumination and illaminatirigj30WQr» ^ " ■ ■ — ^aiD§l# 2 , o® t ^ 

' 2^ Explain the principle of Grease siiot photometer, Describe it >“ 

\\ detail and explain now it can be used to determmo the illuminating i 

\\ a source , (8®® * ■ 

3, The distance between two lamps respectively of 25 o p 1 

18 3 ft. A grease spot placed in between them disappears 


\\ 


. . - a uisappeora Tho 25 C p 8 2 

13 moved 2 ft farther off Find the distance through which the S \ 

be moved to disappear It again. (.4ns. 

^ . I , ' 4'«t 

4 _ 

distances of 20( 
between the i 

source is required . „ 

bv the sheet ' ^ {Atts 


I/U uiBappi;uj- lb aguia, (.Uio. j * — ..i 

A grease spot disappears when two lamps are respectively , 

if 20 cm and 30 cm from it. Now a sheet of gloss, is i-j ' 

I spot and the brighter lamp To restore equilibrium, the we ► 
jmred to bo moved by 10 cm Find the percentage of light ^ 
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AIDS TO VISION 


§1. Size of an object : — ^Knowledge about physical objects is 
gained by the aid of human eye When the image of an object is 
formed on the retina, the sensations are carried to the brain and we 
■say that we are seeing an object. 


depends upon 
the interpret 



The apparent size of an object as seen by the eye 
the angle which the object subtends at tt However, in 
-tation of the size, the human experience also 
counts. Ordinarily, greater and greater is the 
angle a subtended by the object QP at the eye, 
greater and greater would its size appear The 
-angle a obviously depends on the actual size 
PQ and its distance D Therefore, for a parti- 
ticular object, when its distance D is reduced, 
ats apparent size goes on increasing Therefore, for clearer observa- 
tion we always want to bring the object closer and closer But, 
there is a limit beyond which the object to be viewed cannot be 
brought closer. This limit is called the least distance of distinct 
vision For a normal eye, this distance is approximately 25 cm If 
this limit is crossed, the eye will be able to view the object but there 
would be a great strain upon it That is why, generally, we are 
-advised to hold a book at a distance of 26 cm for reading 


§2. Microscope : — As seen above the maximum apparent size 
•of an object is as when seen at least distance of distinct vision If, 
we want to further increase this size we need some aid to vision 
This aid to vision is called a microscope '''•^Klicroscope, therefore, is 
an optical instrument which is used to magnify the size of an olgect 
wh’ch can be brought close at hand y^When the magnification is 
achieved in one stage, it is called a simple microscope When the 
magnification is in two stages, it is called a compound microscope 

§3. Magnifying power When we want to view an object 
through a naked eye, the object is always to be placed at least dis- 
tance of distinct vision D Hence, if the size of the object is PQ, 
the angle which it would subtend at the eye at a distance D would 
be y Here, a.=PQlD But, when we assume the object to be 
small, /.a is also small As such, we can assume that tan a=a 


Hence, v—PQjD. 

When the object is viewed with the help of a microscope, the 
amage as seen by it is say P'Q' formed at a distance t> from the 

P'Q' 

•eye Then the angle subtended by this image would be p=— ^ at 

the eye. We would like to make p as large as we could possibly 
make The number of times p is greater than & would be the magni- 
fying power of the microscope Hence, thd'^gnifying power of a 
znicroscope is defined as the ratio of the angle subtended by an image 
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as seen through the microscope at the eye to the angle subtended by the 
object at the eye when placed at least distance of distinct vision, 

• 8 

or Magnifying Pokier of a microscope = ~ 

' ^ " i 

the angle subtended by the image as seen through the 

microscope at the eyo 

, ~the angle subtended .by the object at the eye lyhen seen 

naked at least distance oi distinct vision 

§4> Simple Microscope : — simple microscope is nothing but 
an ordinary convex lens used as a magnifier To view, an-, object, 

the lens is so placed that the- 
object lies in between the pole 
and focus When the eye„is 
placed closed to the lens, ‘ a 
virtual and magnified image' 
is seen. The path of the rays 
IS shown in Fig 76. 



Here a— — — ^ 
Here, a- ^ 


and 


/S= 


P'Q' V 


V V 

From diagram it is clear that Pt^^l, P'Q'=sl' and OP'=‘V 
M. P. of Simple microscope ==— 

JilL 

~HD 

V D V D 


v'^ I ~ I ^ V 


. . (1> 


But, from simple theory we know that for a convex lens ita 
linear magnification 

jy. size of an image __ Z' \ . 

size of an object ~~ I 

_ distance of the image from the pole > 

~ distance of the object from the pole 

=v/tt. ‘‘ ' - 

(Remember that the eye is placed closed to tlie lens and bence^ 
it can be assumed that the eye coincides,with the pole oi the Jens) 
Making this substitution, ljl-=v(u in eqn (1) we get 

D 

• - 

V 

u 

For a convex lens, we know that 

1 1 ' 


y 


M. P. of a simple microscope— ' 


Alps tro M«10K 
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or 


or 


Multiplying both the judc*! by D iro get 

n ' « “ /' 

V ~ f V 

But, the focftl length /of a convex lens is negative 

__ 

It f V 

D 1) D 
— +y- 


Hence, 


Sobstitiiting this value of Dfu in eqn 2, wo get, 

\r ry e i • D D D 

M. P. of a simple mioroscopc = 

When the distance u is so adjusted that the final image 
IS formed at Icost distance of distinct vision, f c., v=D, we get by 
substituting v=D in the above. 

M P. of a simple microscope = ■^—=1^^ Vo' 

«L 

When the distance u is adjusted that the image is formed at 
00 , we have v—co and we get 

56 


M P of a simple microscpe 
Thus, we get 


DJS -esi 


(A. 


General expression for M P. of a simple microscope is 
M. P.= — 

u 

When image at D j M, P.=l+D/f 
When image at oo • M. P.=D/f 

Compound Microscope : — With a simple microscope- 
magnification IS done only in one stage. This is not sufficient 
Moreover, the image so formed sufiers from usual defects of images.. 
With a view to remedy this, compound microscope is used 

Construction : — It consists of the following main paits . 


(а) objective 

(б) eyepiece 

(c) cross wire 

(d) Bach and Pinion arrangement 
All these parts are housed in a metal tube 

(o) Objective : — It, generally, consists of a convex lens of short 
focal length and is fixed at one end of the brass tube nearer to the 
object to be viewed In costlier type, the objective consists of a 
battery of convex and concave lenses so placed that together it 
behaves like a convex lens of short focal length free from all defecta 
of images It is represented in figure by Lg 
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Thus, -SVC finr! llmf both jf^ nnd ft orcur in tJenowhsetor. 
Honco, emnller an<l ^n 1 ^lHr'r aU tlu^it} |jfcat*r nod 

^gr<'ftte^ ^\^U bo ili<* inngnjfjitJp ptm'C'i* of n xmerosropo 

Use.— Mil rnscojjo jfj iisnH to nmgntfj? very niinnleobjwctutrhfci}, 
cannot be seen vor^, clearly. Its «fo io Mology is Vi.ry wjfJe spread. 
Mieroscopcfl of very large Jungntfylng powtr have bccti bmU 
4i>-dnyR. 

§6. Telescope j— When an lie* at a very great dislanfc 

from W8, even if its sin* ia very large, due to eliplanee It subtends ^ 
very small angle nt the eye ilaocc. its apparent bi/o is very small. , 
To magnify sueJt ohyrle tee io?e «*i in^lFum*nt uKkh %■>> c'^led a 
telescope Mainlv tcIcacopcF ate of two kinds 
. Aitrotimmcal to view aatronomienl objecift. These form 

inverted images , and (2) T’crm'rtfl/ to vlt'sv earthly obiect*!. These 
fo.'m upright image*! 

§7. Magnifying power of a telescope ;—T?ecauie the object, 
viewed itf at a very great distance innapproachable for all prooticAl 
purposes) (he angle whicli it subtondn at the tye, say d, is the maxi*, 
mum angle and cannot be increased unlc'is w'e u^tt* soiileolUormcRne. 
Now ds=tP<?,ar whore PQ is the fi*7t' of the object and sr is Us dwtanco 
from the observer’s eye. Ifow many times this angle can be msgni* 
fied by the telescope v ill decide ua magnifying power. If tiic final 
image viewed in telescope bo P‘'Q ' and if it is formed at a distanto 
V from tbo eyo, the angle ^ubtcndcd by it would be ps!srjP"9*7«^‘ 
Then, the magnifying power of n telescope »V d^ftfifd m th^ rofie of 
ihe angle subfertded by the final image at the eye to the angle fvbtendtd 
by (he object at the eye. " , 

or Magnifying power of a telescope 

the angle subtended by the image as seen in telescope 

at the'oye 

the angle subtended by the object at the eye 

~T“- ‘ . 

a? . 

§8. Astronomical Telescope t —Construction*^ — .LHco iniero- 
scopo it has also tho following main parts 

(a) olgeclivc 

(b) (.ye piece 

(6) cross wire ‘ 

(d) Pack and Pinion arrangement 

All these are housed in a metal tube. 

(a) Objective. — As m microscope, it is a convex lens fitted at 
that end of tho brass tube which is away from tho eye Its focal i 
Jength and aperture are as largo as possible. It is usually A single 
Jens. , , 

(h) Eye piece — Same as in microscope ' ’ 

(c) <& (d) Cross wires and Rack' and Pinion arrangement.-— 
Same as in microscope. Here, the objective us kept fixed, while only 
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the oye piece with the cross wires is moved forward and backward 
to focus the image. 

Working. — The telescope is first pointed towards a white wall 
and by moving the eye pieeo the cross wire is well focussed. The 
telescope is then pointed towards th% object PQ to be viewed By 
the rack and pinion arrangement, the eye piece with cross wire is so 
moved that a clear image P"Q" is formed without parallax with the 
cross wires. 

In this position PQ forms its real, inverted and diminished 
imago P’Q' due to the obj'octive lens Lo This image P’Q' is formed 
in between the focus and pole of the eye piece Le and hence, wo get 
the final image P''Q" which is virtual, inverted and magnified. 

Magnifying power — See fig 78 PQ is the distant object 
Situated at a distance U from the objective Actually, the length of 



Fig 78 


the tube is so small, that the angle subtended by the object at t 
objective, t e , PQfU can be regarded as the angle subtended by t 
object at the eye winch is placed at the other end of the tuLi.- 
Honoo, O—PQjU Parallel beam (because object is at a very groat 
distance off) coming from respectively P and Q after refraction meet 
P'Q' forming the inverted image at a distance F from Thus, 
at P'Q' lies in the focal plane of P’Q' lying m between focus 
and polo of the eye lens Le forms a virtual, magnified imago at 
P"Q", Lot the distances of P'Q’ and P"Q" from L, bo respoetivcly 
u and V. Then, ps=V"Q"/v Hence, 


Magnifying power of a telescope *=p/d 

P”Q” lv 
“ PQ/U 
P"Q” U 


■Ol 


Now as already explained in .compound micro'icopc, with 
respect lo L,, PQ and P'Q’ arc object and image and h« nee, 

P'Q’ V 

yq 




( 2 ) 
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Similarly, with respect io L*, we get 

P"(3" _v_ . , 

FQ‘ u 

Therefore, on mulUplying equations (2) and (3), We get 


.'(3> 


P'Q’ ^ P'Q 
PQ 


V V 
u 


^ P'Q’ 

or P"Q"IPQ=^VIOxvjri .. (4) 

Substituting the value of from eqn. (4) in eqn (!),. 

we set " ' u 

V V U 


M P. of a telescope 


U ^ tt ^ V 
V_ 
u 


( 6 ) 


To get the final image at least distance of distinct vision, n 
should be equal to say «o and for the image to be formed at oo, it 
should be/, where/, is the focal length of the eye piece. Then, we 
get, 

V 

General expression for M P ='j|^ 

When image at D j M P =V/uo 

When image at oo j M P ==V/f« 

Now, generally, the object is situated almost at co and behbe, 
the image P'Q' is formed in the focal plane of the objective Hence, 
F=/, Hence, in the above expression/, can be substituted 'Tor F. 
Thus, because /, is in the numerator and /, is in the denominator,' 
for large M P , we need an objective of large focal length and the 
eye piece of short focal length. 

Use — It 18 used to view distant objects clearly and distinctly. 

§8 Types of telescopes — ^Because the astronomical telescope 
forms the final image which is inverted it cannot be used for earthly 
things, Mz , for observing a cricket match Gahleo, therefore, con*, 
structed his terristrial telescope In this, the convex 'lens of the 
eye piece was replaced by a concave lens This modification, in 
addition to making the image upright, reduced the 'length of the 
tube By reducing the length, the instrument becomes quite handy 

In good telescopes we need large apertures Now, it is difficult 
to construct a very huge convex lens free from all defects.' Newton, 
therefore, constructed his reflecting telescope In this telescope, .he ' 
replaced the convex lens objective by a concave or a parabolloid 
mirror objective. This modification helped in the construction - of 
huge objectives World’s largest telescopes are of this type. - 


. QUESTIONS ; 

1 AVhat do you understand by a simple microscope. Define its M P. 

and deduce it (§ ece 3 and § 4) 

2 Describe tbo construction and working of a compound microscope 

with a neat diagram^ Deduce its M P - (§ "J 

3 Define M P of a telescope. Describe the construction and working 

of an astronomical telescope Deduce its 'Mi P, ' > ' (§sco6, 7} 

4 Write a short note on “Types of Telesoopea" ^ (§see8) 
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CHAPTER I 

MAGNETIC PROPERTIES 


Magnetism : — Long back a shepherd was grazing his 
sheep m a jungle. He was wearing shoes which had iron nails fixed at 
..^the bottom Once he found that his shoes were attracted by a dark 
^coloured stone. He picked up that stone and found that it had 
the property of attracting iron nails As this stone was found in 
Magnesia, a province in Asia Minor it, was given thejiame of magne- 
tite Later on, near about 200 B C., Chinese discovered that when 
this stone was suspended by a thread it came to rest in north- 
south direction The property by virtue of which it attracts 
iron nails and comes to rest in north south direction is called 
Magnetism 

§2. Natural magnets : — Magnetite as described in the pre- 
vious article exists in nature It is a composition of iron and 
oxygen (FejOj) It is found in Norway, Sweden, Asia minor, Urals, 
and m some parts of America Ancient sailors used this magnetite 
m finding direction when other methods failed On account of this 
use, it was also called lode-stone or simply leading stone, t c , which 
leads the wnj' 

§3 Types of magnets : — (») Natural magnets — As olready 
described thcj’’ arc nothing but pieces of magnetite which occur m 
nature. 


(tt) Artificial magnets ; — ^Natural magnets are irregular in 
shape and weak in magnetic properties Hence they cannot be put 
to many practical uses So these days mostly wo use artificial 
magnets Artificial magnets are those magnets in which these 
magnetic properties are artificially developed They can be prepared 
in number of shapes Generally, they are of the following 
typos — 


(o) A bar magnet 
This IS in the form of a 
magnetic at-ecl bar of 
rectangular or circular 
cross section as uhown 
in figs (1) and (2). 




tnaget — «'= of the 
‘■bspe V 

hor-'' -hi-” a*' ‘Jottti in 
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Fig 3 


(c) A magnetic needle It is a „ 
thra strip of magnetised steel It has - 
pointed ends. ,11' is pivoted on a 
vertical axis passing through its centre 
-of gravity The pivot should be a ' 
diamond point or an agate stone in less 
costly instruments. It has been shovn 
n fig. (4). 


(d) Ring magnet — It is in the form 
of a ring. 

(e) Sheet magnet • — It is in the form 
of a magnetised sheet. 

§4 Properties of magnets : — • 

[1) Atti active * — ^Take a piece of magnetite 
or a small bar magnet and put it in iron 
filings as shown in fig (5) You will see ^ 

that most of the filings stick to the two * 

ends As you move towards the centre practically no filings are 
attracted. You can easily infer from this expenmant that the force 

of attraction is not 
the same all along 
the length of _ the 
magnet It has the 
greatest value at the 
^ Fig 5 two ends and almost 

nil in the middle! 

The ixvo regions al the two ends where the aiiractton 7s the greatest 'are 
defined as the pales of the magnet A magnet has got two poles A > 
and S at its two ends The poles are situated not exactly at the 
two ends but are just within the ends as shown in fig. 7 




(2) Directive : — Suspend a bar magnet AB at its middle point 
(? by a thread so that it can rotate freely. To start with, it goes on 


rotating but after some, time you 
will see that it comes to rest in 
north-south direction Disturb it 
Again it will come to rest in the 
same direction It clearly shows 
that when suspended freely a 
magnet always comes to rest" in 
north-south direction. The end 
which points towards the geogra- 
phical north 18 defined as north 
pole The end pointing towards 
geographical south is called south 
pole as shown in fig 6 

df you join Jhe two 'poles N 
and S and prodvee the line, it ts 
defined as magnetic axis as in fig, 



' Fjg 6 


7 . 



(3) Like pole* repel melt other nnd unlihe pole* Attract each 

other 



S*' 




other 


Jlring the north 
fK)|e of n hnr ninpnet 
jVS uenr the north 
pole of n mngnetio 
needle. You v ill poo 
tint thoj will repel 
each of herns in fig. 
0. If jou bring tho 
Boiith polo of tho 
mngnoL near polo 
na III fig 9 It IS 


poles [N and N) repel and 


Ttr s FiS* 

of tlio needle they will ntlrncl 
elnnr from thn experiment that 
itntikr poles {NS) allraet each other. 

(1) Isolation i—Tlic two poles of a magnet cannot ho isolated. 
Break a magnet in U\o or three parts as slionn in fig. 10 Tost 
each p'irt JSacli part tvill behave like 
a complete magnet with two poles N 
and S at its two ends It clearly shows 
that the two poles cannot ho isolotcd. 



N 


(fi) Both the poles of a magnet 
' have equal strength ; — 'Both tlio poles 
of a magnet have equal strength 
They have equal attractive property 
ThoorfiticalJy, it is imposaiblo to 
imigmc a magnet having unequal 
poles 



Experiment ; — ^Tako a big piece of cork and float it on the 
surface of water Keep a magnet on it. You will find that tho cork 
would rotate and sot in such o way that tho magnetic meridian 
may pass through tho axis of the magnet Had the polos been of 
unequal strength it would have started moving in the direction of 
tho polo of greater strength 
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(G) Inducfxon : — magnet IvS. Bring a soft iron 
nail near its south pole You 'vnll observe that it clings^ to it. 

This is possible only when the nail it self 
acquires magnetism under the influence of the 
" magnet The end of the nail nearer to the 
pole developes north polarity whereas the 
farther end developes south polarity Then' 
alone attraction between the two is possible. 
Bring second nail near the first. It will also 
acquire magnetism under the influence of the' 
magnet and clings to the first nail. In this 
way you can make a long chain of soft iron 
nails The length of the chain will depend 
upon the strength of the pole If you remove 
the magnet, the chain wiU break jUI the nails 
will fall to the ground except a few as shown 
in the diagram It means that as soon as the 
magnet is removed the nails also lose their 
temporary magnetism Thus, this develop- 
ment of temporary magnetism in iron nails by 
a magnet with or without actual contact is 
known as magnetic induction 

Fig 11 

In the above experiment, if, the magnet 
is removed the chain breaks , only a few nails, say one or two.remBm 
in the chain It shows that soft iron can be easily demagnetised. 
On the other hand, take steel nails as m 
fig 12 and repeat the experiment Now 
you cannot form a chain as long as in the 
case of soft iron nails But in this case, even 
when you remove the magnet, most of the 
nails Will remain elmging, showing that 
that have not lost magnetism It clearly 
indicates that steel cannot be magnetised 
easily but once when it has been magnetised 
it retains its magnetism for a longer time. 

The phenomenon of magnetic induction Fig. 12. ’ 

can be verified in another way also. Take a small magnetised needle 
NS pivoted on an axle. Bring a soft iron piece PQ near the north 

pole of the needle. , 
Yon will find that 
attraction will take 
place It / means 
that the end jQ has 
developed south 
polarity under the 
influeni.e of ' - the 
needle. If yo“ 
bring the same end 







Fig 13 


near the south pole of the needle still attraction takes plabe, show 
ing that now it becomes a south pole 
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Bnt if jou put a strong bar magnet AB near PQ on the opposite 
side of the needle as shown in the diagram, you will see a marked 
change m the behaviour of PQ In this position the needle will 
have little influence on PQ as compared to the influence of the 
magnet Under this influence of AB, the nearer end P will become 
a south pole, while the farther end Q will become a north pole As 
Q has become a south pole there will be repulsion between Q and N 
pole of the needle. Though in this case the PQ has not been 
touched by the magnet yet the presence of the later alone has 
produced magnetism in PQ. This is also known as induction The 
pole which produces magnetism is called the inducing pole You 
can deduce the following results from this esperiment — 

(t) T7ie end which ts nearer io the inducing ‘pole developes 
polarity opposite to that of the inducing pole The remote end be- 
comes similarly magnetised. 

(tt) Stronger is the inducing magnet greater will be the 
magnetism induced 

(lit) As you increase the distance beivue&n PQ and AB, t e , be- 
tween the inducing magnet and the body to be magnetised, weaker 
and weaker will be the induced magnetism 

(in) The induced magnetism will also depend upon the material 
of the body. Steel will not be easily magnetised m comparison to 
soft iron Similarly, steel will not be demagnetised soon 

(p) Induction preceds attraction ; — In the above experiment 
you have seen that, if, you do not put AB near PQ, both the ends of 
the magnetic needle attract the end P ovQ As soon as the end P is 
brought near the poles of the needle, temporary magnetism is induc- 
ed in It opposite to that of the inducing pole Hence, attraction 
takes place Thus the conclusion is induction precedes attraction 

(7) Effect of a very strong pole near a similar but weak 
pole * — Suppose you bring N pole of a strong bar magnet AB to 
wards the N pole of 
the weaker magnet (7Z> 

As yon take it towards 
CD induction will take 
place. The inducing 
action may be so Fig 14 

strong that N pole of 

CD may change the natnre of its polarity and become south pole 
In that case you will notice attraction taking place between the 
two. 

(8) Repulsion is the surest test of magnetisation — Suspend the 
specimen AB under test at its middle point by a thread. Now bring 
the north pole of a bar magnet M near the end A If there is 
attraction between the two there are two possibihtics (*) Either 
the end possess south polarity (») or it was unmagnetised but 
inductively becomes south pole due to the mducmg action oiN pole 
of PQ So attraction alone cannot tell you whether AB is a magnet 
or not. On the other hand if, there is repulsion between the end A 
and the north pole of M, the end must be a north pole Hence, AB 
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is a magnet. So repalsion is tlxe surest test of magnetisation In tlis 

previous case, if, there is, 
attraction between N pole,, 
and the end A,' 2^ pole is 
taken near the end JS. If 
stdl there is attraction,^ the, 
piece AB is unraagnetised!- 
If there IS repulsion ft is the 
south pole. Thus, from this 
simple experiment you can 
test whether a giv»'n .sped- 
men is a magnet or in 
uumaguetised magnetic subs- 
tance 

(9) Magnetic satura- 
tion You have seen in the 
above articles as to bow a substance can be magnetised. But the 
question is whether it can be magnetised to any strength. H you 
take the case of rubbing, to start with as you rub more and more, 
the strength of magnetism will increase. But a stage will come 
when eren more robbing will not increase magnetisation; This is 
called saturation, i.c., tbis is the limiting value to which that 
specimen can be magnetised. This is true for indnction also. 

(10) Demagnetisation s~If tbe magnets are not handled 
properly they will Jose magnetism. This is called demagnetisation. 
This m due to heating it or striking it against irregular hodiee etc. 
That is why it is an import-aot precaution that magnets must be 
placed gently on the table. Apart from this, every magnet temfe to 
lose magnetism on account 
of the inductive action of its ' 
own poles To avoid it, place 
a soft iron piece across the 
poles of a horse shoe magnet. 

Keep the bar magnets in r> c - 

pairs with opposite poles r>g. 16. 

pl^ed, side by side across a soft irOn piece as in fig 16. The 

soft iron pieces are called keepers. 

4 - 1 . i ^ Methods of magnetisation i — You have already learnt 
tnat natural magnets are irregular in shape. They cannot be 
convenmntiy used in practice There are certain metals and alloys 
in which the magnetic properties can be easily developed. 'This act' 
of developing magnetic properties in a magnetic substance is cafled^ 
magnetisatmn. Magnets so produced are known as artificial 
, magnets. They can be produced by tbe following methods. 

(i) By robing : — (a) Method of single touch -—Take a thta , 
piece of steel PQ and place it on a table. Take a bar magnet NS, , 
and put its A pole in contact with the end P~ of tbe specimen 
as in^ fig. 17, Draw the magnet towards the end Q keeping it in 
tne inclined position. The north pole should always jeemain jn 
contact with the piece PQ., When you reach the end Q, lift the 
magnet as shovm by the dotted line. Bring it backhand" pot , the ^ 
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north pole again in contact with P. Kepeat the same procedure 
a number of times always ending at Q This process will develop 
magnetism in the piece PQ, The 
end P where the process starts 
becomes a north pole The end 
Q where the stroking pole is 
lifted becomes a south pole 

[h) Method of divided or 
separate touch . — Place the 
■specimen PQ on the opposite 
poles of two bar magnets Take 
two magnets AB and CD with 
their opposite poles in contact 
Place them at the middle of the specimen as shown in fig. 18 Move 
the magnets in opposite directions indicated by dotted lines (The 




Fig. 18 

poles should always remain in contact with PQ) When you reach 
the ends PQ, lift the magnets Put them back in the same position 
in the middle of PQ Bepeat this procedure for a few times Turn 
PQ upside down and repeat the same thing The end P will become 
a south pole The end Q will become a north pole (the polarity 
■developed will bo opposite to that of the stroking pole) The presence 
■of the two magnets at the bottom increases magnetisation 

(c) Method of double touch — Place the specimen PQ on the 
opposite poles of two bar magnets Pot a cork piece between the 
opposite poles of two 
bar magnets AB and 
•CD Put the magnets 
on PQ such that their 
opposite poles put to- 
gether touch the mid 
die portion of PQ, as 
•shown in fig 19 Draw 
both of the magnets 
together towards Q Without raising, again draw them towards P, 
•and then again towards the middle In this case, do not lift them 
Always finish at the middle. Bepeat the procedure fora few times. 
P and Q will respectively develop north and south polarity 

(tt) By electric current : — ^Wind a number of turns of insulat- 
■ed copper wire round the specimen XT of soft iron Connect the 
two ends of the coil to the two terminals of a battery through a 
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c€ar:ds ssy* p^ssss slc'rr'j c'uszszr 'tii'rc'sgi thsr 
«x.3 for sctric ^sg'S’ test the roc PQ^ it' i^ a 

rraccst Tob:c?s sSyrs tfcat 
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euspondcd freolj' it comes to rest m iV-/S direction It is becauso 
tbo earth behaves like a powerful magnet So, if, you take an iron 
piece and strike it on the earth for a number of times in NS direc- 
tion, It will acquire feeble magnetism. It is duo to the inductivo 
action of the earth’s magnetism 

§ 6. Consequent'polcs : — If 3’ou do not magnetise a specimen 
propcrlj', you will fin'd that similar poles will develop at the two 
ends and the opposite .poles in 
the middle as in fig. 2*1 They 
can bo tested b.y putting iron 
filings They are called con- 
sequent poles. They are short _ 

lived ^’S.24 

§ 7. Magnetic Substances : — ^All most all the substances are 
influenced by magnets But this influence is almost negligible in 
case of most of them There are only n few substances, e g iron^ 
steel, nickel, cobalt, manganese and a few alloys which exhibit 
strong magnetic properties They are attracted even by weak 
magnets They are called magnetic substances All permanent 
magnets are prepared by these substances 

§ 8. Permanent and temporary magnets Permanent 
magnets are prepared from hard steel They retain magnetism for a 
very long time even after the magnetising force is removed On the 
other hand temporary magnets are made of soft iron Thej' exhibit 
magnetic properties only under the influence of some magnetising 
force e g electric current or some permanent magnet As soon aa 
the magnet is removed or current is switched off, they immediately 
lose magnetism The best form of this type is an electro-magnet 
They are extensively used in electric bells, telephones, electric fans 
etc 

§ 9 Molecular theory of magnetism : — You have already 
learnt that the two poles of a magnet cannot be isolated If you 
split a magnet in parts, each part will behave as a separate magnet 
It led Weber to develop a theory, which is called the molecular 
theory of magnetism It was later developed by Ewing According 
to this theory each molecule of a magnetic substance is a complete 
magnet with two usual N and S poles They aie called weber elements 
In an unmagnetised state of a magnetic substance, these elements 
arrange themselves in closed haphazard chains as shown in fig 25 
This IS due to the molecular forces acting with in the substance 
Due to the formation of the closed chains the effect of one pole is 
neutralised by the effect of another opposite pole Consequently 



Fig 25 

there exists no free poles Hence, there is no resultant magnetic 
intensity That is why in unmagnetised state a magnetic substarce 
shows no magnetism. 
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When you magnctiso it, the closed chains split up, and the 
alignment changes. They sot in a particular order as shown in 
fig 26. At the two ends free polos are developed which do^ not 
neutralise. This is on account of the free poles, that a specimen 
exhibits magnetic properties. The more you mb, the more will bo the 



Fig 26. 

numbers of chains which will split, and more will bo the intensity of 
magnetisation 

The following arc a few facts which clearly show that the 
theory is correct — 

(<) The two poles of a magnet cannot bo separated. Accord- 
ding to tins theory each molecule behaves as a separate magnet. If 
you split a substance, ordinarily you can break it irt to molecules, 
and not beyond that Bat a molecule is a magnet with two poles ' 

(ii) If a substance is magnetised a state of a saturation 
comes when it cannot be magnetised further. It can bo easily ex- 
plained on the basis of this theory. When the substance is magnetis- 
ed the closed chains break forming linear chains. But after certain 
limit no more chains can be any more broken. 

(ttt) If a magnet is roughly handled the regular chains will, 
break up forming again the closed chains. Thus, the magnet will 
lose magnetism which is what actually happens 

QUESTIONS . , . 

1. Doscribo a good method of magnetisting a piocoof iron rod 
-what respects does on olootromagnet diSer from on ordinary magnet' t (See § o) 

2 How would you distmgaish between a mognet, a magnetic aubstonoe 
and a non magnetic substance T Describe experiments to illustrate your 
answers (Soe§A, 6, 8) > 

3. What IS magnetic induction ? Describe suitable experiments to 
illustrate this. (See § 4) 

4 Distinguish between a permanent and a temporary magnet (See $ S) 

5 Bepulsion is the surest test of magnetic condition of a body, explain 
this. (See § 4, 6, 8 ) 

6 Write a short note on Molecular theory of magnotism. (See §6) 

7. Explain why two poles of a magnot cannot be separated from ' ooob 
other! (Seej9) 

8 Explain why a bar of iron cannot bo magnetised beyond a certain 
limit ? (See § 9) •' - 
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INVERSE SQUARE LAW AND A FEW DEFINITIONS 


§1 Invcrtc Squorc latv : — Thislmv was first of all discovered 
by coulomb. It gives the magnitude and direction of the force 
acting between the t wo magnetic poles. It was later oxpermiontally 
verified by Grimshel, It can ho put in the following two forms : — 


(i) Tht force of adracUon or reptiUioii bctivccn two poles is 
ilirtrschj porporttcml to the square of the dtttance between them If 
F and d represent the force and distance respectively, according to 
this law. 


Fee 


JL 

d' 


.. ( 1 ) 


Tins 18 called the law of inverse square because F is inversely 
proportional to d®. As the distance increases, force will go on 
decreasing If you double the distance the force will reduce to one 
fourth If you reduce the distance by one third the force will become 
nine times greater. 


(i»j It was further found that tho force teas dtrectly proportional 
to tbe product of their pole strengths If ?«, and are^the pole 
strengths of the two poles, we have 

oc nil ni 2 (2) 

[w hen d is kept constant] 

If you take stronger poles F will increase For example if 
the polo strength of one of the poles is doubled, tho force will also 
become doubled If one pole is doubled while tbe other is made 
four times, tho force between them will increase eight times 
If the two laws are combined, from (1) ond (2) we get 


F oc 


nil nij 


or F =K (3) 

or 

Where .g is a constant called coefficient o f_permeabilitv. 

It depends upon the nature of the medium For air or any 
non magnetic medium K is equal to unity. 

So the law becomes for such medii 


F = 




d® 


(4) 


§2 Unit pole : — Suppose there are two similar poles each of 
pole strengt m situated at a distance of d ems in air Then by the 
law of inverse square the force m 
of repulsion F between them will ^ il. 


be from above 
m m 


F = 






m 


d® 


d® 


(5) 


Fig 27 



14 


PEB-UNIVEBSITY PHYSICS 


' " [Chap. I-^ 


If w© pub in equation (6) F ~ 1 dyne, and d — 1 cm 
w® = 1 

or m « ± 1 *.e , the pole will be of unit strength: 

Thus, If the force of repulsion between two similar ' poles plac^ 
m air at a distance of 1 cm is 1 dyne, each pole is a unit pole. 
[This IS in C.G.S system of units). 

§3 Magnetic Field :^ 7 Tfie space around the magnet in which 

its influence is exerted is called its 
magnetic field.^A8 you move away 
from the magnet its influence will demi- 
nish. .yTho space over which the 
strengw of the field is the same is said 
to have uniform field^^/^ 

' §4 Intensity of ^ magnetic 

, * field —If a unit north pole is placed at 

. a point P in the magnetie field of a 

magnet NS, it will experience a certain 
Fig 28. force. . fl^ huB the inUermtu of m ^nei^ 

field IS dpiinedjaa the force in dynesjen.perienccd by^a^W t~nor(h.~pole. 
placed (UihM potnt.y^/It ha8 hem assumed here that the unit pole ts so 
wmk that it ~hds~ no magnetic field of its own If the force is one 
dyne, the intensity will be unity It is measured in oersteds. Tlw 
intensity will be 1 oeisted if the force experienced by a unit north pole 
ts 1 dyne 

If TO is the polo strength of the magnet and d the distance 
between its north pole and the point P, the force F experienced by 
a unit north pole placed at P willbe by inverse square law 



/. Intensity of magnetic field = 

Due to a pole of unit strength at a unit distance from it the 
field would be unity A unit pole in a unit field experiences -unit 
force If a pole of strength to units is 
placed m a magnetic field of strength N 
oersteds, the force experienced by it will 
be mH dynes 

§6 Lines of force ; — M is a bar 
magnet P is a point situated in its 
magnetic field Place a unit north pole at 
P It Will experience a force of repulsion 
due to N pole, and force of attraction due 
to iSpole of M as shown in fig 29 Under 
the influence of these two forces the unit 
north pole will tend to move along the 
direction PQ, the direction along which ' 
the resultant of the two forces acts, 

Similarlj'^ if you take another point instead ' 
of P, the direction of the resultant will " Fig 20 , < 

also change Consequently the direction i 

of the movement of the unit north pole will also change So a un 
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north pole — if free to move — ^will move along a curve The curve 
starts from the north pole and ends at the south pole. This 
curve IS called a line of force. 


''“'^huB, a line of a force can be defined as the curve along which 
an isolatd north pole will travel 


in a inagnelic field, tf free to 
move The tangent at any point 
along this imaginary curve gives 
the direction of the lesullant 
force and hence of field at that 
point &g 30_). Convention- 
ally direction from north 
pole to south pole is taken as 
positive 



Fig 30 


§6 Drawing lines of force :— (*) By iron filings : — Take a 
plate of glass or sheet of card board Place it on the magnet Put 
iron filings on this sheet Due to 
induction these filings will become 
weak magnets Now tap the 
glass plate by your finger You 
will see that these filings ariange 
them selves in particular curves 
as shown in fig 31. The curves 
will begin from N pole and end 
at S pole and vtce~versa These 
curves are nothing but lines of 
force This method is applicable 
only in the case of strong magnets The lines so obtained are also 
not very well defined 



Fig 31 


(w) By Compass needle : — (For details see "A text book of 
practical physics” by authors) For tracing the lines of force 
an isolated north pole is required, but in practice an isolated 
north pole cannot be obtained A small compass needle when 
placed in a magnetic field will set it self in the direction of the 
magnetic field at a particular point So if you find the magnetic 
axis of a small compass needle at point, it will give you the direction 
of the line of force at that point Thus lines of force can be drawn 
by a compass needle 


Put the magnet on a piece of a white paper Put a compass 
needle near the north pole of a magnet in the position A as in Fig. 
32 S pole of the needle will be 
attracted by the N pole of the magnet 
mark the position of the S pole of the 
needle Put the compass needle m 
such a position that its S pole should 
now occupy the position previously 
occupied by its N pole Now mark its 
N pole and put it further Repeat this 
process till you reach south pole of 
the magnet Now join all these marked 
points, you will got a lino of force 



Fig 32 


In a similar way you can 
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draw other lines of force around it. [The smaller is the needle 
better will be the accuracy obtained] 

§7. A few important maps of lines of force :— [^] Lines 
of force due to the horizontal component \B.\ of the earth's magnetic 
field or \The details about H you will find yn, the next chapter} or 
drawing of the magnetic meridian 

By now you know it very veil that earth acts as a big 
magnet. The horizontal component H of its magnetic field acts m 
the horizontal direction from south to north To draw the lines of 
force due to take white paper and fix it on the table. Take a 
compass needle, and follow the procedure described in the above 
paragraph You shall obtain straight lines parallel to each 'other 
running from south to north Any of these lines represent the 
magnetic meridian 


[B] Lines of force due to a bar magnet placed in the — 
magnetic meridian with its north pole pointing north : — Birst of 



Fig 33 

■r — 

all determine the direction of the magnetic meridian by a^ compass 
needle, and draw it on a paper as explained above Put a magnet 
AB along this line so that its north pole — faces north ' Two fields 
are acting in the space around the magnet One due to the magnet 
and other due to the earth’s horizontal component Take a 
compass needle and draw lines of force as 'explained previously. lu , 
the vicinity of the magnet the field due to the magnet Will be 
predommating, and you will get curves as in fig 33. As you move 
away from the magnet this field will be influenced by H. Therefore, <- 
the lines will become distorted XJltimately Zf becomes stronger in 
comparison to the macnetio < field of 'the mashet. and the lines 
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become straight rnnning from south to north The lines offeree 
drawn on one side of the magnet are shown in fig 33 *•- A' 
similar map can be obtained on the right hand side also It is 
clear from the figure that along the magnetic meridian the field 
due to the magnet and the earth’s horizontal field are m the same 
direction But along the equitonal line these two fields are in the 
opposite direction H is always constant where as the field due 
to the magnet decreases as the distance from the magnet increases. 
Some where near X the two fields are equal and opposite. As they 
are equal and opposite the resultant field at that point is zero Such 
a point IS called a .Neutral point ^Thus a neutral /point can be 
defined as that point tn a magnetic field where the resultant intensity is 
zero or where the magnetic field due to the magnet is equal and opposite 
to the magnetic jicldjdue to the earth’s horizontal component As ther6 
IS no field at X, if you place a compass needle at X it will set m 
any direction The point X will be some where at the centre of the 
curvilinear quadrilateral formed by the lines of force as shown in 
the figure , Similary there will be another neutral point on the left 
hand side of the magnet Thus to sum up, when n pole is facing 
north two neutral points can be obtained on the equitonal line 
equidistant from the centre of the magnet 

[C] When the magnet is placed in the magnetic meridian 
I with its S pole facing north : — Put the magnet along the magnetic 



meridian with its south pole facing north Draw Imes of force in a 
similar way You will find now the direction of the lines reversed 
On the equitorial line the two fields are in the same' direction. 
But on the magnetic axis they are acting m the opposite direction 
Hence the neutral pomts will lie on both the sides of the magnetic 
axis produced as shown m fig 34. 
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:; ** ■ ■ j:-24'aiufs 

Suppose tlie force belTreen them is F dvnes irheii tiiey are -4 
cia. apart, , 

• ' XT 24* ' 1 

•* dynes. 
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As 


951 dynes t=l gm. vrt. 

30 dyno8«=-~^gra. wt 

^’.“4 gra "t- 


Problem 2, Ttoo poles one oj tvhtcli is 6 times as strong as the 
ether exert on each other a force equal to the xoetght of 800 m. gm. when 
placed 10 cm apart. Ftnd the strength of each pole 

Let (he pole strength of one of the poles bo m units, then that 
of another will bo 5m units 


Force exerted between them=sio/ of 800m. gm, 

«= 8 gm. wt 

=’8xj 7 dynes (where g is the acce- 
leration duo to gravity). 


or by Coulomb’s law wo have 


•8(7= 


m. 5m 
10 = 


100x8 

or fn“= — ^ — = — 

10x6 

m=4:y/g 

The strength of one pole =4 •\/(7 

„ „ anotor „ =20 -j/gr „ 


■?=16g 


QUESTIONS 

1 Stnto tho law of foroo between two magnotio poles and hence derive 

deCnition of a unit polo (See §1 and §2) 

2 Calculate the force acting on a magnotio polo of strength 75 units 

placed at a point 16 cm from either pole of tho magnet 10 cm long and havmg 
a pole strength of 4$ units (Arts 10 dynes ) 

3 Define the strength of magnotio field and a uniform magnetic field 

(See §3 and §4) 

4 What do you understand by a line of magnetic force 7 Why do 

the lines of force never cross 7 Why do lines of force never pass through a 
oeutral point. (See § 5 and § 6) 

5 Define neutral pomts 

Trace the lines of force surrounding a bar magnet when the magnet is 
placed along the magnetic meridian with the N-pole north Indicate the posi- 
tions of neutral points in your diagram (See § 6) 

6 Find the force between two like magnetic poles each of strength 20 
units and placed 6 cm apart What is the intensity of the magnetic field due 
to these poles at a point 5 cm from each ? 

(Anv 16 dynes , any value from 0 to 1 6 oersted) 


CHAPTER III 

TERRESTRIAL . MAGNETISM 

its oeirtr'e ““T"'* “ ““Snet fredy at 

This « 

of the earth is as if a powerful mauriPf earth. The behaviour 

from north to south direction The^ soutT nolV^ f running 
lies some where near the iTeotrronis;««i pole of earth s magnet 

the magnet lies whlre^Zj^ the north pelf _of 

reason why the north nole of mnrr south'^ This is the 

tion takes place between the north [Attrac- 

south pole of the earth’s magnetWf^^^^^ the magnet and the, 
suspended magnet is produced^ nn k magnetic axis of a freely 
through the two geographical nolei I’®®® 

poles of the earth are a bit r^oved f magnetic 

Remember there .s no magnet ms.de the earth aSfy^““’ 

south poles rf^theeMth*’ geographical north and 

eertn If s « is the south pole of earth's magnet. 
llg.?ude 

from thA “ about', 600 miles 

iSS ?f ^1, p“i®- 

earth’s” Po^® of the 
with latitndA VQoo* situated at a place 

grathmaUnX *■>“ % geo- 

cause .^oestion i§. a8 to what is the 

theSiesLvTh^® magnetW? So Many 
of nersoTio^^n®®” advanced by a number 
due^o the oi theory is that it is < 

the earth The electric currlnfo^®®*”® currents Rowing through 
rotation You shall read m PIap*- produced on account of its 
city, there is a magnetm 

may regard a magnet wifVi if * t^® sake of simplicity you 

the earth. usual ,poleSy placed at the centre of 

* * 

mcturfof ^e®SSgnetic*S®S:l“L?f°®^“®‘/®® ® compile 

things very accurately Thel ®^ * 

horizontal component of (‘0 D^P («0 

defined as the efements oltJrr'esS m^nS^^ , 

gravity. I'md oift th” *direotion”m*^^1f®f centre of , 

■P Let NO and SO be resnpofivJi^ comes to rest at a place 

earth The magnetic axiPnf+iTo^^ P®!®® ®f tl»® ' 

of the magnetic field at that nian “®Suet will give you the direction 
the sides, ^t will cut »y®u Produce the axis on both , 

will cut the surface ofthe earth at iS„and‘JV;„(JN-ot at . 
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ifG&ndSO) They are respectively the magnetic Eouth and north 
poles of the earths magnet. 

If you draw a plane passing through 
NG, SG and P, you will get the geographical 
meridian The plane passing through S^, 

P and N„ will give you the magnetic 
meridian You can clearly see in fig 37 
that these two plane do not concide but 
[-make an angle 5 between them This 
•angle is the declination at that place 
/S%U8, dechnation can be defined as an angle 
between the true north and south direction 
•and the direction along which a freely 


suspended magnet would rest ^ The declt- 



Fig. 37 


nation varies from place to plowe. The place 
ivhere the B pole of the earth's magnet is 
situated is popularly known as magnetic north and vice-versa . 

§4. Dip : — Suspend a magnetic needle freely at its centre 
■of gravity 0 When the needle comes to rest, * you will notice 



that its magnetic axis AB will not remain horizontal as shown 
*n Fig 39 [Though it will lie in "SB direction] Obviously 
•dP IS the direction in which the total magnetic intensity of 
the earth at that place acts. In northern hemisphere , N pole of the 
needle will dip down In southern hemisphere B pole of the needle 
will dip down This dipping is due to the attraction between the 
poles of the needle and the pole of 
the earth’s magnet This fact can 
be explained by taking a magnet 
NB If you hold a compass needle 
near B pole of the magnet, n pole of 
the needle dips At the north pole 
B polo of the needle will dip due to 
attraction. In the middle, the 
attraction due to both the poles 
will be equal, and hence, the needle 
will remain horizontal 



Thus you can easily see in Fig 3o 

fig 3S that the magnetic axis AB mokes an angle ^ with the liori* 
zontal direction This is called the angle of dip or inclination 
^ence, the angle of dtp can be defined as the angle between (hf magnetic 
axis of a freely suspended magnet suspended from its centre of gratity 
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and at rest attd a horizontal Une passing through its centre^It varie'e ’ 
from place to place. Near about the equator, the needle remaina 
horizontal. It means that the angle of clip at those places is zero. 
[As already explained this is because at these places the attraction' 
due to the earth’s magnetic north polo is counter balanced by the 
' attraction due to earth’s magnetic fouth pole] The imaginary 
line joining these places is called magnetic equator. The angle of dip 
will go on increasing as you go away from the magnetic equator. 
At poles It will attain the maximum value of 90®, i.c„ the needle 
Will become vertical. 

If you say that the dip at Delhi is 40®i\?^, it means at Delhi 
needle will make an angle of 40° with the horizontal and A’ pole 
will dip. 

§5. Horizontal and vertical components of the earth**, 
magnetic field : — Let represent the plane of the magnetic, 

meridian, and that of the geogra- 
phical merjdjan. Let the total intensity 
of the earth’s magnetic field / at a 
certain place be represented in magniti- 
tude and direction by the line AD. 

This IS naturally the direction in which 
the magnetic axis of a freely suspended 
magnet will lie. I can be resolved in 
two JL directions One along A€ in the 
horizontal direction, and the other 
along AFy the vertical direction. Let 
hu the angle between AB and AC. By 
definition it is the angle of dip at that 
place. 

If H and F are the resolved parts in the horizontal and verti- 
cal directions respectively, from fig. 40 we shall have . , ' 

jff— 7 cos ^ ^ (f) 

F =/ sin ^ .'0, .‘..(it) 

Thus, H can be defined as the component of earth’s magnetic 
field acting along the horizontal direction [Note that it shall always 
act in F—S direction] 

Squaring and adding (i) and (u) we get 

F^-f-TT^ssT* (sin^^-l-cos^jS] . 

— P (because smY_+coB^^=l) 

or 7=yp3^^a ~ (ftV) 

By dividing (u) by (f) we get , ’ 

XT " ^ ^ 

— =tan ^ - O®) ' 

# -r 

Hence if yon know the, values of H and ^ at any place the 
value of I can be easily calculated . . - - 

§ 6. Determination of declination.' To determine declina- 
tion you shall have to find out both magnetic and geographical 
meridians. ' " - - . 
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find oal the geographical meridian’ — Fix a thm^traight 
tod AB vertically on the ground. The ground should he perfectly 
smooth and horizontal It 
should also ho open to 
the sun. Draw a circle 
of 1 or 2 feet radius 
around the rod The sun 
would cost a shadow of the 
rod. The shadow will he- 
come shorter and shorter as 
the sun rises in the sky At 
some time m the morning 
the shadow will touch the 
circumference of the circle, 
hlark that point upon the 
circumference Let it he D 
Again in the after noon 
the shadow will touch the 
circumference Again mark 
the position Let it be C. 

Naturally the shadows in 
both of these positions are 
of equal length Join the 
points G and D to the 
point A, the base of the 
rod 1 e., the centre of the 
circle Bisect the angle 

CAD by the line AE The biseceor AE will give you the tiue north, 
and south direction The vertical plane through this line will be 
the geographical meridian. 

^ To'find ont the magnetic meridian — 

V-^nspend a bar magnet AB upon a table by means of an 
unspun silk loop. Attach two thin vertical wires 1 and 2 at the 

middle point of each end of the 
magnet When the magnet 
comes to rest fix two pins C 
and D on the table against each 
end The pins should be so fix* 
ed that these two pins and 
the two vertical wires 1 and 2 
shold appear in the same straight 
line This is possible only when 
there is no parallax between 
the four pins Mark the 
positions of C and D and join 
them by a line as in fig 42 
Turn the magnet up side down 
in the silk loop Repeat the same 
process fixing pins at E and F 
join E and by a straight line. 
These two lines instersect at 0 Bisect the <C EOC or the >DOF , 
The bisector will give you the direction of the magnetic meridian. 



Fig 42 
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5 '»g 43 (a). 



s fe'Sfd » If r„5: 


aroirr^^:?^^ 0“ ae stand. 
nonS ?S“°- ^eO_o Ima of iC™ “PaWe if lotatins 
axis of needle N ®*rcle is perfectiv hori- 

tlie etand^f ® Passing through its lionzontal 

at the centre of the S 
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Errors : — The dip circle may have the following errors . — 

(1) The axis of the magnetic needle may not pass through the 
centre of the rcrtical scale as shown in fig 44). 

To eliminate this error readings 
of both the ends of needle are taken 
Mean of the two is free from this 
error 

(ii) the 0 — 0 line of the V S 
scale may not be horizontal. O 

To remove this error tho dip 
circle rotated through 1 80° Again 
two readings of both the ends are 
taken Mean of the four removes 
error (f) and (ii) See fig 45 

(tit) The geometric axis of the Fig, 44 

needle may not coincide with it magnetic axis To remove this, 
reverse the face of the needle on its bearing and repeat the pro- 
cedure as described in errors (i/ and (i») In this way eight readings 

arc taken Mean of these eight removes these three errors 

lie) The Centre of gravity of the needle may not coincide with 
the axis about which the needle is rotating To remedy this error, 




Fig 46 

remove the needle Demagnetise it and remagnetise it so that the 
polarity is reversed t e., the north pole becomes south pole and vice 
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versa, fig. 47. Again mount the needle and repeat the procedure^ 
as described in (t), («t) and (nt). In this way sixteen readings are - 



obtained. The mean of these sixteen readings wiil be free from ah 
errors and give true angle of dip . , 

§ 8. Determination of dip even when dip circle is not 
placed in the magnetic meridian : — Yon have seen in the previous 
article that to determine the angle of dip the dip circle must be 
brought in the magnetic meridian. But you can find out Uie true 
angle of dip at any place even by determining apparent angles' of 
dip m any two planes mutually at right angles to each other. . - 


B. 


First find out the apparent angle of dip in plane OA, Let it 
be Now determine the apparent angle of dip in a rnutually 

perpendicular plane Let it be If 
the true angle of dip in the magnetic 
meridian plane OB is it is given by the 
relation cot* ss cot® + cot® . 

§ Variafioh^bf 'ma'gnotic ele" 

ments : — The values of the magnetic 
elements change from place to place and 
time to time. Following are ,the impor- 
tant variations 

[A] Secular changes s — The values 
of the elements gradually vary extend- 
mg over a very long time. After a longtime they again ^ attain 
their former values. They are called secular changes They are 
generally large 



[B] Annual Changes : — They are periodic changes. Burieg 
the year the value of the element vanes between a maximum and a 
minimum As for example at a particular place declination beoomes- 
maximum m February and minimum in March 

[C] Durinal changes J — The valule of an element changes even 
within 24 hours It becomes maximum at a oertian particular hour' 
and minimum at some other hour. These changes are ' also 
penodic 

[D] Irregular changes They are non- periodic, and abrupt. 

They originate dne to sun spots, volcanic eruptions etc , They are 
called magnetic storms. - ' ^ ~ 

§ 10. Change of magnetic elements with change of place 
They change from place to place, but there are certain places wnere 
they are equal. Maps have been accordingly drawn. Following are 
the important lines: — 
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[A] Itogonic lines : — Thppc nro the linc<4 ^hich join places 
pofisoj^mg the enme angle of declination The particular line join- 
ing place*) having rcro declination is called Agonic line 

fB] IsocUnic lines These are the linca which join places 
having the same angle of dip Similarly the line j'oining places 
having rcro dip is called Aclinic line or magnetic equator. 

[C] Itodynnmic lines Tlicso are the lines joining places 
having same value of H. 

Numerical Problems ;~1. If the horizontal component of 
the earth’s field is 0 ^6 CG_S Units, and the dip is 42° at a certain 
place. What is thc’total intensity of the 
earth’s field at that place ? 

If I and B are respectively the total 
intensity and horizontal component of the 
earth’s field at a certain place, we have 
B^J cos (i) [where <ft is the angle of dip]. 

Substituting the values in equation 
(0 we get V ' 

'36=1 COB 42 
, 36 *36 

i =- 



or 


=•49 


cos 42 ~ 7431 

Q. 2. A dtp circle ts placed so that the magnetic needle 
vertical. The etre/e ts then rotated through d° about a vertical axis' 
and the angle of dtp measured in this position is found to he ^°. Find 
the value of the angle of dip at that place 

The needle is vertical, shows that the dip circle lies in a> 


N 



Fig. £0 


direction J. to magnetic meridian t e , it 
lies in east west direction OE When you 
rotate it through 0°, its plane makes 
an angle (90—0) with the magnetic 
meridian. 

The resolved part of B in this 
direction therefore, will be E cos 
(90— 0) =5 Bin 0. The vertical compo- 
nent V remains unaltered, and therefore 
in the position OA we have 

tan ^=-i ^ 


H sin 0 
y 

or -5-= tan <ft sm 0 
iz 


( 1 ) 


If is the true angle of dip 
tan ^1= 

y 

Substituting the value of from (1) in (2) we get 

tan ^^= tan ^ sm 0 
or <f>^= tan (tan ^ sm 0) 


( 2 ) 
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QUESTIONS 

1. Qivo a 'shorfc'aooount of tho earth’s magnetic field. Difioass ita 
variation with place and time on the enrfaoo of tho earth. 

(see §1 and ace 8) 

* ^ 

2 What are the magnetic elements of a place, and how are they 

related to each other 7 How would you measure tho angle of dip at a place 
correctly 7 ( see §4, see §6 and see §7) 

3 Describe a dip circle How will you use it to determine tho 

magnetic inclination of a place. " < ^ (see §7) 

4 What do you understand by the magnetic ^elements at a place 7 
How can yon find the total intensity of the earth’s magnetic field at a place, 
if the value of the magnetic elements there are known to you 7 

’ (see §4 and see 5§) 

5. What do you understand by (a) magnetic equator, (b) Isod^amic 
lines, (c) Isogonio, and (d) isooilnic lines ^ ‘ (see §10) 

6 At ^ the total magnetic intensity is 0 gauss and / the angle of dip 

IS 68°, while at H the total intensity is 0 65 gauss and the angle of dip is .72. 
Compare the horizontal intensities at tho two places (oos 72'’=’3090 and 
cos 68°= 3748) ' * 

'Ana. 0*1874 gauss ; 0 169S gauss) 

7 A dip circles is placed so that the needle sets vortical. The circle 
IS then rotated through 30° about a vertical axis and tho dip as measured in 
position IS 45°. Find its true value. 

(Ana. 26“*6.) 



CHAPTER IV 

MAGNETIC MEASUREMENTS 


§ 1. Intensity cf magnetic field — It has already been defined 
in Chapter*’. You have also Been that the intensity of the 
magnetic field due to a pole of strength tri at a point distance d cm 
from it is equal to m/d~ oersteds. Now wo arc going to find out the 
couple acting on a magnet when it is deflected in a uniform magnetic 
field. 

§ 2. Couple experienced by n magnet in a deflected position : — 
Let m and 21 be rcspectivel 3 » the polo strength and length of the 
magnet PQ. Suspend it freely in a uniform magnetic field of 
intensity* H acting from south to north 
os shown in the fig fil. It shall rest 
in the direction AB, the direction of 
the iutensitj' ff. Now deflect it } 
through an angle 0 (It is the angle i 
between the mean and the deflected | 
positions) by applying some force. In i 
the deflected position N pole of the ] 
magnet will experience a force oi tnE i 
dynes in the upward direction. Simi- J 
larly 8 pole will experience the same ' 
force of mH dynes in the downward ' 
direction As these forces arc equal, 
opposite and parallel, they constitute a 
couple. This couple acts in the direc- Fig 51 

tion as shown by arrows, and tries 

to bring the magnet back in its original position AB. Hence it is 
called the restoring couple. 

filoment of the restoring couple C about the axis of the magnet 

= (Force x perpendicular distance between the forces) 
or (7= mU NS sin 6 
or (7= mH. 21 sin 6 [NS = 21} 

3= JlfH sin e , [if Jlf =2 ml) ... (1) 

The couple will be largest when 0=90° ’ and the least when 
0=0°. As the couple is zero when 0=0, the magnet freely 
suspended always rests in the direction along which magnetic 
mtensity acts. 

§ 3. Magnetic moment : — M in equation (i) above is called 
magnetic •moment of the magnet. It is equal to the product of 
the pole strength and length of the magnet [Jif =2 tnQ 

If we put 0=90°, and J?=unity in equation (») we get C'=lf. 
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Hence mcgnetic moment of a magnet is dfjintd as the moment of 
iTio couple experienced bp the magnet tthen the magnet is placed at 
right angles to a unifom field of unit intcnsitp. ^ 

j 

§ 4. Field doe to a bar znagnet at any point in end on and 
liroa^ide on positions : — Wben the point bca on the prolonged asds 
of the magnet, the point is regarded to he silcated in end oxi position. 
When the point lies on the right bisector through the middle point 
of the magnet it is said to lie in broad side-on position. 

Field in end on position: — ^Let he a bar magnet of 

length 2/. Let m he the pole strength of each of its poles. Pis n 
point on its asis produced at a 
distance d from the centre of the 
magnet. We are to find ont 
the intensity of the magnetic field ^ 
at the point P It is obvious from * Pig. 52. 

the figure that the distance bet- 
ween P and N pole of the magnet is {d—l) while between P and 
S pole is (d~l). 

To find out the intensity of the magnetic field, consider a 
amt north pole placed at P. The force of repulsion on this pole due 
to N pole of the magnet \d!l be. 

= (acting from K to P). - , 

Where as the force of attraction on this pole due to S pole of 
the magnet wdl be (acting from P to 5).* 



The resultant force on P which will he the intensity of 
magnetic field (Pj) at P due to the whole magnet will be 


[acting from K to P, conventionally the force of repulsion is taken 
to be positive]. 




i.mld 

~ {eP-i»)« 

_ 2iird ' ' ' . ^ 

. ' 

for 2 ml— My the magnetic moment of the magnet. 

If Z* is smaller in comparison to d* equation (2) becomes 

- O X f 4 

^i=“35 — oersteds approximately 
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Field in Broad tide on position : — Bet bo a bar 

magnet of length I^t iho strength of each of its poles bo 7 n. 

P bo the point on its right bisector at a 
distnneo d front its middlo po'iit 0. We nro to • D 

find out the intonsitv of ningnetio field duo to 
this magnet at P. Join PN and PS consider 
a unit north pole placed at P. 

The force of repulsion on the unit polo 
duo to pole of the magnet irill be equal to 

eating along PU. While tho force of 
attraction on tho polo duo to pole mil bo 


rn 


j^piT noting along PS As iheso two forces aro 

acting inclined at angle BPS, tho resultant 
can bo found out b^’ tho law of parallelogram 
of forces. 

Let PB and PA respectively repro ent in 

tn 

magnitude and direction the two forces — ppi; ■ 



Fig. C3. 


and Comploto tho parallelogram PBQA Evidently the 

diagonal PQ will represent in magnitude and direotion the 
resultant of tho two forces Lot it bo Fj. Then JPg will be the 
resultant magnetic intensity at tho point P. 

Suppose tho resultant makes an angle 0 with PB 
Now from figure wo have, 

Z. BPQ s= Z QPS = 20 [Tho diagonol bisects the angle in 
a parallelogram]. 

But. Z BPS = Z PBS + Z PSN = 20 
and Z P^S = Z PSN =0 

Z BPQ = Z PNS 

Thus Fi will aot parallel to the magnetic asis 
Now A* BPQ and PSN are similar 
. PQ SN 
*• PB~PN 


Now PQ^Fs,PB= , PN8 = P + d« 


and 8N = 21 substituting these values we get 

F, 21 


or Pj 


2 ml M 

(■*’ + *')! “ +V)’ 


oersteds 


Af = 2 nil 


] 


• ■ • 


(4) 
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M 

d‘^ 


IS) 


F==H 


From (3) and (5) it is clear that at the eaine distance from C}, 
the field in end on position is doable the field in broadside— ^on 
position ’ ^ 

Vi^§ 5 To determine the pole strength of the magnet hy Jocat* 
ing neutral points You already know the method of finding 
6utthe neutral points It S pole of the magnet faces north;, two 
neutral points XX will be found on the magnetic axis produced as 
shown in fig. 34 Evidently these points he in end— on position. 
Measure the distance between the neutral point and Centre of ihe 
magnet. Let it be d. If F is the intensity, of magnetic field at 
the neutral point 

2Md ^wheremis the magnetic moment and^ 
(d 2 _fsj 2 ^2{'the length of the magnet > . 5 

From this equation if H, <2 and I are known M can be .found ^ 
out. From the value of M, the pole strength m can be calculated 
by the relation M — 2ml. , \ i ■> 

If N pole of the magnet faces north, the neutral points will he 
on the equitonal line. Measure the distance between the neutral 
pomt and centre of the magnet let it be d Then we have 

If ‘ 

Fi= H usual notations). 

From this relation Jlf can be found out. From the value of 
Jlf the pole strength m can be calculated. ' 

Numerical problems ; — I. A magnet of magmtxc moment 1000 
C G 8. umts lies in the field of intensity O' 18 gaues. ^hat couple 
will he required to keep it at an angle of 30^ to the direction of the field-. 

Let C be the required Couple then it is given by the relation 
(7=Jlf J? sin 0 

In this problem ilf==1000 C.G S. umts 
JEr=0’lS gauss 
0=30° 

(7=1000X0 ISxsin 30° 

=90 C.G S. units ' . 

2 A bar magnet cf 4 *cm length is placed ' with its north pole 
pointing north The neutral points are found to be 20 cms. from ' the 
centre of the magnet calculate the. strength of earth* s -horizontal field, 
if the pole strength of the magnet ts 140 G. O. units 

Let T be the petition of the neutral -point as showh in -the 
diagram. 

Then at a: ’ - , 

F=^B [where E is the required strength of 
earth^s horizontal field]. 

to-bioadEde on iOB.-, 

' ' ' > ‘ . tion). 


CllAP. IV] 


maoketio measttbements 


33 


In this problems Jljf=2 «il=2x M0x2t=5G0 C.Q.S. units 
7=2 ems. 


<7=20 cm3. 

asd > >1, 

tf* 

=.H^= - =»07 oersteds 

02“ „ 20x20x20 ^'oersteds. 

EXERCISE 

1. Explain tbo form magnotio moment of a roognet. Find tho gonoral 
^xprcsalon for tbo moment of tho couplo acting on a mognot placed in a nm> 
orm magnetic field. (soo §2 and eoo §3 

S. A freely anapond magnet of moment 080 0 G.S units is dofiooted 
through 00° by a couple. Calculate tho magnitude of tho couplo 

(Ana. 400x VSxFT dynes — cm ) 

3 Obtain 'an expression for tho intensity of [the magnotio field at o, ' 

point on tho pronlongation of tho axis of tho mognet. (boo §i) 

4 Find tho strength of tho [field duo to a bar magnet at a pomt on 

the lino bisecting the magnet at right ongles (see §4) 

fi. A short bar magoet is placed in tho magnetic meridian xrith its 
north polo pointing south Tho neutral point is 24 cm. north of tbo south 
polo of tho magnet and upon its axis produced. Find tho intensity of the 
Geld at a pomt an tho axis 20 oms from tbo south polo ond north of it. (H=s0‘18) 

(Ana 0 131 oersteds) 

’ € Two magnots each of S ems. length and moment 10 G.G S. units 
bom one straight bno with their north poles 6 oms apart Find tho force of 
repulsion between them. (Ana. 1 964 dynes) 

7 Calculate tbo field duo to a bar mognot 10 om long and having a 
pole strength of 100 units at a point 20 cm. from each pole. 

(Ana. 1*25 oersteds) 
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CHAPTER I 

ELECTRO STATIC PHENOMENON 


1. Introdoction : — You must have often noted that ^vhen 
you draw rubber comb through dry hair cracklmg noise is produced. 
Apart from this noise, the rubber comb developes the property of 
attracting light bodies. This property was first of all discovered by 
a Greek philosopher Thales of Miletus, near about 650 B.C He 
ehowed that amber (a kind of yellow resin) when rubbed with fur 
acquires the properly of attracting light bodies, e g , bits of paper, piece 
of straw etc Near about 1600 A D Dr. W Gilbert, the celebrated 
physician to queen Elizabeth made further discoveries in this Ime. 
He demonstrated that in addition to amber, there are other sub- 
stances also which when rubbed with suitable substances develop 
this attractive property. For example substances like glass, 
ebonite, resin etc rubbed with silk, or flannel eidiibit this type of 
property 

The property so developed in the bodies is called electricity or 
simply electric charge The word 'electricity has been selected from 
electron, the Greek word for amber. The bodies which possess this 
property are said to he dectnfied or charged When the charge does not 
move in the body in which it has been produced, it is called static 
electricity (i e electricity at rest) In electrostatics you shall 
study the properties of electrified bodies on which the charge is 
static 


\^2; Types of electrification : — Suspend a glass rod AB by 
means of a silk thread (fig. 1). Bub it with silk so that it becomes 
charged Brmg another 
glass rod CD also rub- 
bed with silk near AB, 

You will find repulsion 
taking place between 
the two rods If instead 
of CD, you bring an 
ebonite rod rubbed 
with flannel near AB, 
attraction will take 
place between the two 
rods You can deduce 
two important conclu- 
sions from this experi- 
ment 

There are two types of charges produced on bodies 
when they are rubbed. (>) On glass when it ts rubbed with silk 
(ti) on ebonite when it is rubbed with flannel The kind of electricity 
produced on glass on robbing with silk was named vitrous electricity 
derived from ‘viterum' the Greak word for glass. While the electri- 
city generated on ebonite was called resinous electricity. These 
days the former IS called positive and the latter is called negative 
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Thus, there are iwo types of electrifications or charges : — (i) Positive . 
(n) Negative. This is true not only for glass or ebonite but it holds 
good for all substances. Whenever two substances are rubbed to- 
gether, they acquire one or the other charge depending upon the 
nature of the bodies. Not only this, when you rub glass with silk, 
if glass acquures positive charge, the silk will simultaneously acquire 
negative charge. If after charging you put the glass rod and silk 
together, they will lose charge, proving that they were equally and 
oppiositely charged. 

{ 2 ) You have also seen in the above experiment that when 
the charges on the bodies are the same as in the case of glass rods, 
repulsion takes place. Where as if they are oppositely charged they 
attract (as in the case of glass and ebonite). Thus, the law is that ^ 
like charges repel and unlike charges attract each other. 

^ §3. Repulsion it the surest test of electrification « — ^As' ex-, 
plained in Magnetism, Chapter I, two bodies will attract each other, 
when one of them either carries no charge or is oppositely charged. 
But if iwo bodies repel each other, they can do it only when they 
are similarly charged. Thus repulsion is the surest test of elecinfication. 

U §4* Conductors and insulators : — Hold a brass rod in your 
hand and rub it with fur. Test it whether it is charged or not You 
will find that tests "do not show any charge on fur. Prom such 
expei^ents people thought that there are certain substances^ 
pron^ently metals which could not be charged by frictio n, i.e,, by 
rubbing. But this line of thought was proved to be wrong by 
subsequent experiments If you charge the same rod of brass after 
mounting it on a glass handle it will indicate negative charge. So the 
question is where then the charge leaked m the previous case * 
When brass is rubbed with fur it developes charge, but the charge 
flows to the earth through the hand by which it-is held. He;nce, the* 
rod shows no charge. When the rod is mounted on a glass handle, 
the charge cannot flow through the hand, and the charge remains on 
the rod. Thus, there are two types of substances with respect to 
the passage of eleotricify throngh them. 

(i) Substances which allow eleciricity to flow through ihern 
freely, c.g , metals, charcoal, acids, human body, earth etc. are called 
conductors, 

(if) Substances which do not allow electricity to pass through- - 
them are called insulators, e p., ebonite, glass, sulphur , , oil, shellac, 
quartz, paraffin wax etc. Due to glara handle the charge could not 
leak in the above experiment Eiecteic switches are made of plastic 
on account of latter being a non-conductor of electricity, , , 

In addition to these there arc a few substances which arc 
neither conductors nor msulators. They are called partial Cohdootors 
c wood, paper, marble, cotton, etc, , , , , ’ 

§5. .Nature of the charge produced i — ^To determme the 
nature of charge produced, suspend at a fairly large distance tw 
rods, one of glass AB tabbed with silk, and the other OB rubbea 
with flannel, by the help of silk threads. Bring the charged bodies 
near them. If they arc repelled by AB they are positively chargeo* 
Whereas if they "are tepelied by CD they are negatively chargeo- 
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As the nature of the charge depends upon the two bodies rub- 
bed, a list has been prepared in which substance are so arranged 
in order that if 
you rub two sub- H ^ 

stances from the 
list, the one situ- 
ated earlier in the 
list will acquire 
positive cTmrgCt 
rendering the 
other negatively 
charged 

The follo- 
wing 18 the list — 

Fur Glass 

Flannel Paper 

Shellac Silk 

Seabng wax Wood 

§ 6 . ^Sharing of charge 

A 




Fig. 2 

Metals Ebonite 

Besm Gutta parcha 

Amber 
Sulphur 

by conductors : — A is a brass rod 
B 


■a 


) c 



p c* 

n 

f 


1' 

i 


j 



j 




Fjg 3 

mounted on a glass handle Charge it negatively 
it with fur. Take another metal rod B also 
mounted on a glass handle and brmg it in con- 
tact with A The charge will flow from A to 
B, making B also negatively charged Thus 
when brought in contact both will share the 
same charge This is known as charging by 
conduction. 

f Gold leaf electroscope i — This is an 

Apparatus widely used in electrostatics for detect- 
ing different charges. It consists of a bell }ar of 
glass resting on a wooden base Its mouth is 
tightly closed by a rubber or an ebonite stopper 
GH, Through this stopper passes a rod At 
its upper end the rod carries a metal disc D and 
kjigb K At its lower end two thin golden leaves 
LL are attached to it At the base of the instru- 
ment two tin foils PQ are attached rising from 
bottom to the middle of the jar (parallel to the 
side of the jarl. The base is earthed by a wire 
The electroscope can be used for the following 
purposes : — 


by 'rubbing 



Fig 4. 
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(1) To test vthdher a body is charged or not 1 — In the^ begin* 
ning under tbeir own weight the leaves will remain collapsed J?ow ' 
bring the body imder test near the disc of the electroscope and 
touch It with K. If the leaves do not diver ge the body carries no 
charge. If the body carries charge leaves will diverge,- ' As both' 
of the leaves acquire the same charge, they tend to repel and- 
divergence takes place. 

(2) To find out (he nature of the charge t — Take a brass-rod - 
mounted on a glass handle. Qiiarge it negatively by rubbing with 
fur. Bring the rod near the disc D and touch it with the knob K ' 
The charge will flow to the leaves through the rod AB, maldng the 
leaves negatively charged It will result in the divergence of the 
leaves. Eemove the rod, the leaves still remain diverged.' Hence i 
the electroscope has become negatively charged How bhng the 
body under consideration in contact with the disc Z?. If the diver- 
gence increases (he body is negatively charged. On the other hand if' 
the divergence decreases or the leaves collapse the body is either 
positively charged or uncharged. To test this touch the knob K with 

the Anger, so that the .electroscope is discharged (the 
charge flows to the earth), and the leaves collapse. 
Now brmg the body in contact with the knob. Jf the 
leaves diverge the body is posithely charged If there is 
no divergence the body carries no charge. 

§8. Proof plane : — ^To test the charge on the 
bodies they should not as a whole be brought near the 
disc of the electroscope But a proof plane should be 
employed for this purpose It is nothing but a’ metal 
disc B mounted on an insulated handle A Pirst of all 
take the proof plane and touch its disc with a body whose 
charge is to be detected. It will also develop the same 
charge as is on the body Now test for the charge on the . 
proof plane by bringing it near the knob of the electro- 
scope as explained in §7. It simply acts as a carrier of < 
the charge It is easy to move a proof plane as -com- 
pared to the body itself. 

Electrostatic induction : — Mount an uncharged conductor 
BQ on an insulated stand Charge a glass rod AB positively by 
rubbing it with silk Bnug the charged ^ » 

conductor AB near to the uncharged 
and insulated conductor BQ (Fig 6). 

Under the influence of the charge on 
AB, charges will develop at the two 
ends B and Q. To test this bring the 
disc of the proof plane in contact with 
the end P. Now bring the disc’Of the 
proof plane m contact with the knob of 
an electroscope. The leaves wdl diverge 
showing that the plane and hence the 
end P is charged Similarly, the other 
end Q will also show the presence of a c^rge 
the rod AB, BQ will be discharged, 
the help of a proof plane. 



Fig. 6 . 


19. 



Fig '6. 


I Now if you ' remove ’ 
T?» ih can also be tested witn 
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The above phenomenon tn tohtch under the influence of a charged 
body, charges are developed at the iuo ends of a conductor is called 
«Ieclrostatic indaction« The charge on AB is called inducing charge 
The charges produced on PQ on account of induction are called 
induced charges. Induction usually means influencing from a distance 

§10. Nature of the charges produced : — Repeat the above 
experiment Touch the disc of the proof plane ■with the end P, and 
put it in contact -with the knob of a negatively charged electroscope 
The divergence of the leaves irill mcrease It means that the end 
P acquires negative charge. Discharge the proof plane by touchmg 
its disc with the hand, and put it now in contact with the other end 
Q Now put the disc of the proof plane in contact with the knob of 
a positively charged electroscope Again the divergence will increase 
showing that the end Q is positively charged On removing the rod 
AB, it Will be found that the charges on PQ disappear It is possible 
only when the positive charge developed at the end P is equal to 
the negative charge developed at the end Q Thus, the following 
conclusions can be derived from this simple experiment — 

(1) On account of electrostatic indud,ion charges are produced at 
the tuo ends of a conductor simultaneously 

(2) The nearer end (i. e , P) becomes oppositely charged whereas 
the remoter end (i e , Q) becomes similarly charged. 

(3) The two induced positive and negative charges are equal in 
■magfiitude. 

Charging a gold leaf electroscope by induction: — To 
charge it positively bnng on ebonite rod A charged negatively net r 



its disc as shown in flg 7 (a) The rod will induce positive charge on 
the nearer disc D and the negative charge on the farther leaves LL 
The leaves will diverge on account of the similar charges developed 
on them Leaves m turn will induce positive charge on inside of 
the tin foils and negative charge on the outside of the tin foils As 
the foils are earthed the negative charge will flow to the earth, and 
the positive charge on insides of the tin foil will help in increasing 
the divergence of the leaves 

Touch the disc D momentarily by your finger without removing 
the rod AB The negative charge on the leaves will leak to the 
earth as it is free Consequently they will collapse as in fig 7 (6) 
As inducing charge has vanished the tin foils will also lose their 
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rod and^Te^M^'^Tie'^IearM enlarge vill spread on the 

foils now alSire neitfJf .w < 3 ivergence . The^Hn 

electroscope has been nositivelr ^ induction. Thus the 

charged negatively. ^ ^ charged. Similarly it can be 

brass ^mouiUod^ on ^an sphere of 

nncoa on an insulated handle. Charge it negaSvelj by. 



, . I'»g.8. 

Now tie too ieinisphmoS Mps“Jf eleclioseope. 

they completely eoclose the sohere V ephera so that 

aethreeTorehorgeebraloldlS.l^S. “P"®*® «■«■=■ 
tie sphere ^ wi BoVstr^S”™?®- And tbst 

show all charge. This experiment ^hereas the two caps will 

and is Isnovm as Biot's, It ^ performed by Biot 

goes to the outer surface and does nnt *hat the charue 

same results are obtained with a *he body. The , 

. 2’A«smcaseo/eohU5^ftrrfzSL^^ * ^ 

reside only on their outer surfaces conductors the charges- 

net^ade of n^^ ^ conical 

Wo silk threads attached to it ^sulated stand.’ Itha^ 

hy whieMt can be turned up side 
down. Charge the net. and test 
tne outer and inner surface hy 
the help of a proof plane and an 
el^troscope You will find that 
only outer surface shows charce 
W the net up side down' 

^ain the outer surface alone' 
tnil indicate charge. This ec- 
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pcnmeTit also illusfrafcs the fad that the charge resides on the outer 
surface, 

§14. Faraday's ice pnil experimeoit : — In this experiment 
Faraday took a tin vessel B of fairly large size, open at the upper 
end, mounted on an insulated 
stand. The outer surface of the 
vessel was oonncotcd to the disc 
of a gold leaf electroscope by a I- -L 

Wire A body A was charged 
positively. It was suspended by 6 
means of a silk thread and lowered 
into the can ns shown in fig 10. 

The can completely covcres the 
body. As it was lowered in the 
can, negative charge was induced 
on the inner surface of the 
vessel and positive charge on 
the outer surface, the disc and 
the leaves On account of this lo. 

positive charge the leaves diverged. When the body A was removed 
the leaves collapsed It is possible only when the two induced 
charges produced on the two sides of the vessel are equal and 
opposite Thus, %t was proved that the two induced charges produced 
are equal and opposite. 

Now the body A was again lowered in the vessel, Again the 
leaves diverged due to positive charge Now the inner side of the 
vessel was touched by the body momentarily. This did not afieot the 
divergence of the leaves. Neither the divergence increased nor de- 
creased. On the other hand when the body A was put to test it 
was found to be completely discharged This was possible only when 
the charge on the body was equal and opposite to the charge on the 
inner surface of the vessel, so that when they touched each other,, 
their charges were neutralised and the charge on the leaves remained 
uneffected 


Thus, the inducing charge and the two induced charges are each 
equal to one another This is ngourously true only when the inducing 
conductor is completely-surrounded by the induced conductor 

§15. Charge density : — ^When a conductor is charged the 
charge is distributed over whole of its surface, but the distribution 
IS not uniform all over the surface. It depends upon the following 
factors • — 


(1) The shape of the conductor. If the curvature of that body 



at that point is greater, greater will he the accumulation of charge at 
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that point. As shown in Jig. 11 tho more is the end pointed, the 
more is the accumulation of charge there. In fig. 11 (c) as the cad 
is extremely pointed, the accumulation of charge at that point is- 
the greatest. 

(2) Neighbourhood of other Conductors : — If there are othar 
conductors placed in the vicinity they also influence the distribution 
' of charge over a surface. 

Charge density ; — It fe defined ai ony 
*F0 point on the surface of a conductor as the 
charge per unit area surrounding that point. 
If Q is the charge and A is the area 
surrounding the point P, 

Fig 13. " ' 

1 1 * 

Charge density— Q(A. If it is a sphere of radius r, then 

charge density on its surface due to the charge Qss^QlAr:i“. 

§16, Action of points : — When a charged conductor possesses 
sharp pointed ends, charge accumulates at these sharp points^ The 
density of the charge is so great that the charges develop the, 
tendency of repelling each other. Therefore the charge leaks ftom 
these ends and charge the atoms of the medium around the con-, 
doctor by conduction. The atoms of the medium are imparted^ the 
same charge as that of the conductor. Consequently they experience* 
a force of repulsion, and are movedvaway from the conductor. - IVesh 
atoms fill up their place and are similarly repelled. In this vray^ the 
medium i$ continuously charged and the charge Ieohs fromthe pointed 
ends. This principle has been utilised in constructing the lightning 
conductor. 

§17- Lightning Conductor : — It was first of all suggested^ hy, 
Benjamin I^anklin in the year 1749. It is used to protect, buildings 
from destruction by the atmospheric li^tning. Its construction is 
extremely simple. It is in the form of a long rod or a strip 'of metal 
(copper) running from the top of a building to its bottom. The 
upper end of the strip is provided with sharp pointed ends' The 
lower end is fixed to a plate buried in the wet earth. ‘ 

When the charged clouds pass over the conductor they induce . 
opposite charge on the conductor. The charge gets accumulated 
at the shaip pointed ends As explained above this charge leaks 
through the ends and charges the atoms of the medium' surrounding 
the pointed ends. The atoms receive the same charge as that on 
the conductor. Therefore repulsion tales place and the charged atoms 
of the medium travel Awards the cloud discharging the latter. Hence 
the danger of lightning is averted. Apart from this if the poten- 
tial difEiprence between the clouds and the conductor is very large 
and discharge occurs, the lightning conductor provides a straight^ and 
easy path for the disdhargt. Thus, the charge from the cloud ^ quiewy 
flows to the earth along this conductor without damaging the 
buildings All most all the big buildings are provided with lightning 
conductors. ' ' 
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QUKSTIOXS 

1. UhrtI doyou toffin by tliPBlfttcmont <hnt tho body {n oleclncnlly 
f harped? (Sco§J) 

2 llowoold you i>r<«e that po3>tnc and rjpgnlivo olectnIlcaUonR nro 

predocpd in tHjOftl quantJUoa J (Sco § 2) 

3 by rep jlrion in tbo nurcnt tppt of clcciriflcntion 7 (Sco J 3) 

4 DcscrilK* the conrttroction and uf» of a gold leaf electroocope 

(See § 7) 

r>. I'splnin wlmt in meant by clcelronfalio induction (See § 0) 

f> I)p»crilw a gold loaf oloctropcopo and explain how it con bo charged 
by induction and conduction. (Seo § II) 

7. Dissenbe on experiment to ahow that the induced chnrgo cquala tho 
inducing charge (Sco § 14) 

8 Show that the chnrgo on an insulated conductor lies entire!} on its 
eurfc.ee (bco § 12) 

p What IP meant by *tho flurfaco density at a point* 7 How does it 
depend upon tho ahnpo of the conductor 7 (Seo § IB) 

JO explain the dipchnrging [action of points and hcnco doscribo a 
lightning condiietor (Sco § 1C A. 17) 

11 IVhat charge is required to electrify o aphero of 25 cm rodius until 
the surface deneitj of electrification is B/fi". (Ans. 2BOO units of charge) 


CHAPTER II 

INVERSE SQUARE JLAW 


Inverse sqnare law It was discovered by uoniomo, it 
eanoe put in two forms : 

(f) TJteJorct of attrac* 
lion or repulsion between 
two chargee is inversely pro* 
poriional to the square of 
the distance between (hem* 
MathematiOally if jF, and df 
represents the force and dis- 
Pig. 13. tanoe between the two. 

charges gj and , 

F oc Ifd^ . ... (1) 

As the distance increases F wiIJ decrease If A is dotibled T 
will be red need to one fourth 

(«) The force is directly proportional to the prodHi^ of ihcJtco^ 
charges Slathematically 

Then, F oc ... (2) 

If the two laws are combined, from (1) and (2), we get 



F cc^ 
or 

where X; is a constant depending upon the natnre of the medinm 
between the two charges. It is called di-electric constant or 
specific indnetive capacity of the medium. Por air fc=l. Thus 
relation (3) becomes 



... ( 4 ) 


This law is hnown as Coulomb's low. 


V..42. Electrostadc unit charge j — ^Let q and q bo two similar 
•charges placed at a distanc of d ems in air. Then by Conlombls 
law the force of repulsion Jtr 
between them will be 

■S'- 

If we put dssi cm 
a,nd Pssi dyne d 

g2r=l, , ' ' Pig. 14. 

or g=dbl» i e , the charge will be of unit strength. ^ ^ 

Thus electrostatic unit of charge can be defined as that charge, 
which when placed ai a un%t distance from a similar charge" repds the 
latter with a force of one dyne. 

§3. Electric field : — The space around a charge in which its 
* influence is exerted is called its electric field. ^ \ 
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Intensity of electric field : — Suppose j is a charge and P 
IB any point in its electric field If you place a unit positive charge 
at P it will experience a force of re- 
pulsion This force experienced in 
dynes by a unit positive charge placed 
at'that point is defined as the intensity 
of electric field at that point It is 
assumed that the unit charge has no 
field of its own The direction of 
this field is given by the direction of 
the force experienced by the unit -f-ve 





Fig 15 


charge. If P is the intensity, then by Coulomb’s law, we have 


( 5 ) 


Vs.y^ 5 . Electrostatic potential : — You know it very well that 
water fiows from a higher level to a lower level As for example 


.B 



take two vessels A and B con- 
taining water at difTerent 
levels Join them by means 
of a tube Water will fiow 
from Ato B till the level is 
the same in both the vessels 
Similarly take two bodies at 
diSerent temperatures and 
join them. Heat will flow 
from the body at a higher tem- 
perature to the body at lower 
temperature 

The same analogies can 
be extended to electrostatics 
also Suppose P and Q are 
two insulated metallic charged 
spheres. If you join them by 
a wire charge will flow from one to the other. If it flows from P to 
Q, P IS said to be at a higher potential than Q Thus potential is 
analogous to level %n hydrostatics 
and temperature in heat. Charges 
flow from a body at higher 
potential to a body at lower 
potential till both the bodies 
acquire the same potential. In 
thermometry temperatures are 
measured with reference to the 
ice point as the standard tem- 
perature The level of the sea 
18 taken to be standard in hy- 
drostatics. Similarly in elec- 
trostatics the potential of the 
earth is regarded as constant 
It IS regarded as the standard 
of potential and tahen to he equal io zero, Now connect the charged 
conductor to the earth, if it sends charge to the earth it is regarded 



Fig 16(6) 
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to be positively efcarged. If it begins to receive electricity from , 

the earth it is regained to be negatively charged. , ' , 

Thus, if a charged body is connected to the earth’ by & 
condnctor, the potential cf a body can be defined as,ite electrical 
coTtdilion tehcih deierminesj irkefher the charge ictlljiov} from the-body 
to the earth or vice versa. 

Measore of potential : — The potential at a point is measur- 
ed by the amount of trorl done in bringing a unit positive cJ^rge 
from infimiy to that point. 

Let a positiv 

^ at the point P 

It will have ,iti 
Fig. 17. 8 le c t r i c field 

around it. If yoi 

bnng a unit positive charge iSrom infinity to some point 3, yoi 
shall have to do work against the force of repulsion between th< 
charge at P and the unit positive charge. Let it be equal totVi ergs 
Then tcj will be the potential at the pomt 3 due to the charge at P 
If you want to bring the unit positive charge to some nearer point 
A, you shall have to do more work. Let it be le* ergs. Then tht 
potential at the point A will he teg e s units. Hence the potential 
difference between the points A and 3 will be equal to (tPg— 
es. units. ThuSt the pofeniicd difference between two poinjsj^^ 
equal to the wort done tn bringing a unit positive charge ' froin'^ one 
point to the other. ‘ 

Therefore, as you move away iirom the charge its potential 
will go on decreasing, becoming zero at infinity. 

If at P instead of a positive charge yon place a negative ch^e, 
the umt positive charge at infinity will move towards this charge 
due to attraction. Hence no work is done Rather the charge does 
some wor^, and so the potentials ai A and 3 will be negative. 

.^7. Unit potential ; — In the above experiment if (he work 
done in bringing a unit positive charge from infinity to any point is 
unity, the potential at that point will be one electrostatic unit. 

'-^8. Potential at a point : — ^Let a charge of' -f*Q nnits be 
placed at the point O. I^t ^4 be the point at a distance of d cms. 

+a 

ItmxtTY 

i ! 

Fig. 18. 

from it placed in its electric field. We want to find out the pot^* 
tial at the point A due to this charge. According to^ the definition 
the potential will be equal to the work done in brmgiDg.a unitposi* 
tive charge from infinity to this point. 

To calculate it, join 0 to A by a straight line ^d 

almost to infinity. Imagine the point ito be lying at mfimty. 

«• >% 
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Divide the distance AZ into a number of equal parts by the points 
B, C, D, , X,Y Obviously the work done in bringing a unit 
positive charge from Z to A will be equal to the algebric sum of the 
quantities of work done m moving the charge through short dis> 
tances o.s Z to y y to x C to B and B to A. 

The intensity of the electric field due to this charge at the 
point A IS QjOA^, and at B is QjOB^ (See §3). These are the forces 
acting on a unit positive charge at these points Evidently the 
- average force F between A and B will be more than QfOA^ and less 
than QjOBr The average can be determined by taking the geometric 
mean of the two [when AB is small]. 


^=v 


A. 

OA^ 


Ojga OA 


Q 


OB 


( 6 ) 


Since the work done is equal to force multiplied by the dis> 
tance through which the force is moved, the work done ( IT) in mov- 
ing a unit positive charge from the point B to the point A will be 
equal to J x AB 


W=FxAB 

Q 


. AB 


OA OB 
Q(OB-OA) 

~ OA.OB 

(7) 

OA OB ' ^ ' 

Similarly the work done from C to B,%e , for the distance BC 

__Q R. 

~OB~OG 

For the distance ZY it will be 

" ' -R. R. 

~OY~OZ 


( 8 ) 


.. (9) 


...( 10 ) 


and for the distance FX it will be 

R. 

'~OX~OY 

Thus the work done between the points and Y —QlOY—QfOZ 
„ . „ „ randx=Q/ox-e/or 


9i 


„ „ „ G and B==QlOB-QlOO 

„ „ „ ., B aad A=QfOA—QlOB 

By adding all these small amounts of work done, we get the 
total amount' of work = -R ^ — ^ , rest of the terms gettmg can- 
celled This IS the amount of work done m bringing a Unit positive 
charge from JS to .4, in the electric field due to the charge Q As 
Z has been supposed to be situated at infinity, by definition this 
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work IS equal to the potential at the pomt A due to charge Q . ' If 
V IS the potential 


\ ^ 

Thus, the potenhal at a point due to a change is equal to the 
charge divided by the distance hetvoeen the charge and the point . ' 

It is clear from the equation above that as the -distance 
increases the potential tends to fall, becoming zero at infinity 

§ 9. Potential inside a hollow sphere: — ^No charge resides 
inside a hollow conductor, and therefore no work is done in moving 
a charge inside it. Therefore, potential everywhere inside it is cons- 
tant The value of the potential inside the conductor is equal to 
the potential of its surface Por the determination of the potentials’ 
at external points the charge residing outside may be reganied as 
situated at the centre. 


§ 10. Solved prblems : — 1 Two equally charged spheres repel 
each other when their centres are half a metre apart with a force equa*^ 
to the weight of 6 mill I . gm. What is the charge on each in eleeffO" 
static units ? ' 


We know that 


F ~ > Here F = 'OO'fi x 980 dynes - 


•006 x 980=-^[5r,=g,] ; . : 

q — 121 3 G G.S. units 

2, A hollow spherical conductor whose radius , is 13 cm is 
charged with 10 units of electricity find the potential (a) at 'the surface 
of the sphere (6) inside it and (c) at a point 25 cm. from the centre 

For all calculation purposes the charge can be regarded to -be 
situated^ at the’ centre of the sphere. -The potential inside-tho" 
sphere is equal to the potential on its surfee. p d. is given by . 

}' Q = 10 units, d = 10 cm' ” ' - ' , '.'U 

Potential on the surface = =1 e s unit 

' " ' - - IP. ' , ' 1 

Potential inside the sphere and on the surface, of the sphere-. 
. ‘ == 1 8 8. unit. ' “ 

I ' Potential at a pomt 25 cm from the centre. ^ 

' - ‘ 10 - 
- - s=r— — =a:0*4’e S"Umt. ' ’■ 
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QUESTION’S 

1. Di^cups Coulomb’s Lfttr of tho forcos bot^con olcctric charges and 
defino a unit eicotrostatio charge (boo § 1 and 2 ) 

2 What do you understand by {a) clcotric field ond (6) intensity of 
electric field at a point 7 (see § 3 and 4) 

3. Shove clearly what do you understand bj the term 'eicotrostatio 
potential giv mg analogies 7 (see § 5) 

4 Find the x aloe of the potential at o point duo to a single elcotno 
\chargo + g ot a distance d from it (see § 8) 

NUMERICAL PROBLEMS 

1. Two cliarged bodies carx^nng -f- 10 and +40 o s u respectively are 

placed at 6 cm. apart Find tho point midway between them whore the 
intensity of the field is zero (Ang 2 cm from+lO e s.n } 

2. A charge of 100 o.s u. is placed at a point IThat work will be 
required 

(a) to bring a unit positive charge from infinity to a distance 40 om 
from it 

(h) to carry a unit positiio charge once completely round it in a 
circle of 20 cm radius ? Give reasons for your answers. 

(Ana, 2 5 ergs , no work) 

3. Cbargcsof (1, 12 and 24 units of olcctncity are placed at the three 
comers of a square Find what charge must bo placed at the fourth comer in 

•.order that tho potential at tho centre of the square may bo zero 

(An*. —4200^8) 


CHAPTER m 

ELECTRIC MACHmES 

§ 1. Ictrodiiction s — Mechanical devices capable of producing 
continuous supply of electric charges are called eleelnc machines. 
They are either /nc/ionoZ machines or indvclion machines. Induction 
machines are based on the principle of electrostatic induction,* .The 
important machines based on the latter principle arc asibllows *— 

,,^(1) Wimshnrst machine* 

(2) Voss machine. 

(3) Van de Graff generator* 

Electrophorus. 

Electrophorus is the simplest of all these machines^ and ha* 
been described in tins chapter. 

2. Electoonhor os-: — ^It is based upon the principle oi 
electrostatic Tnduction. It essentially consists of three parts.' {»] 
A circular metal plate 2) mounted on an insulated' handle. Iti* 
called the collector becavse it collects the charges predneed. ii*)A 
circnlar disc C of ebonite or resin of a slightly bigger diameter than 
that of the former plate, [(see Fig 19 ^q) and 19(6)]., Itsnpper 
surface is generally rough so that vrhen D is placed over it, the 
former Jiouches the latter only at a few points. It is called Ihi 
cake, (m) A metal plate generally of tin foil upon whichrests the 
cake It is called the sole. The lower face of the sole is connected 
to the earth 



' Fig. 19 (a). , ' Fig. 19 (6). 

Worhing : — ^To start with, clean all the parts of the apparatus 
thoroughly. Kub the cake <7 with fiahnel, fur or batakin. It 
develop negative Charge on the cake. Put the collector-plato i/'O 
the cake. Earth the collector plate’ by momentarily tonemng J 
' hand. ' Now remove the plate J? and .test. ‘It will be found to ^ 
acquired a positive charge. Thus, in this way the plate , 
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been charged. This charge can bo utilised m charging any 
other body. When the plate JD gets discharged it is again put on 
the disc G and is again charged in the same way. Hence, for a 
considerable time a continuous supply of charge can bo obtained 
without freshly charging the cake. 

Principle : — When the cake is given the negative charge it 
induces charges on the surface of the sole The inner sido acquires 
the positive charge Tiio negative charge developed on the outer 
surface of the sole flows to the earth Tlic romamg positive charge 
on the sole attracts the negative charge on the cake and does not 
allow the latter to leak. Honce tho function of the cake G is to 
prevent leakage of charge from tho cako 0 [See fig. 20 (a)]. 




When the collector plate is placed on the cake, it also developes 
charges on its two surfaces due to induction. As the plate touches 
the cake at only a few points there is a layer of air m between them. 
Therefore there is very little conduction between the two plates. 
The charging is due to induction only. The inner surface of the 
plate D acquires positive ohargoj while its outer surface becomes 
negatively charged [See fig 20 (6)] When the plate is momentan- 
ly earthed [See fig. 20 (c) the negative charge leaks to the earth. 
But under the influence of the cake the positive charge remams on 
the plate When the plate is removed away from the cake the 
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the cake should be given a positive^Sargk^ c^argedjplaie . 
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CHAPTER rV’- 
PRIMARY CELLS 



§1. RGqttircment for an’clectric current : — Take two insulat- 
spfaerical condnetors P and Q Give positive charge to P and 



y. Fig 21, 

negative charge to Q If you connect the spheres by a wire as shown 
in fig 21 charge will flow from the sphere P which is at a higher 
potential t<» the sphere Q which is at a lower potential The flow 
of the charge would bo instantaneous W/ien both oj the spheres 
attain the same poteiUtal the flow totU stop This flow of charge from 
a body at a higher potential to a body at lower potential constitutes 
an eleclnc current Though actually electrons travel from QtoP 
conventionally electric current is supposed to flow from P to Q,ie, 
the direction along which the positive charge flows. From this 
experiment it is quite clear that the current will flow only when 
there exists a potential difference between two bodies When P and 
Q attain the same potential, the current stops 'So if you want to 
maintain a constant flow of current between PQ, P should always be 
maintained at a higher potential than Q, or m other words there 
should always exist a potential difference between P and Q This 
can be achieved by the help of simple voltaic cells, and secondary cells 
' in which chemical action takes place or dynamos in which electro, 
magnetic induction takes place First of all we shall consider 
primary cells which are simple in construction and easy in use 

§2 Voltaic Cells ; — It was Volta who discovered in the year 
1800 A.D that if you join two similar conductors there will develop 
a potential difference between the two, at the point of contact The 
two conductors will become oppositely charged The two condnetors 
can be metals, liquids or a metal and a liquid. 

A simple cell consists of a gla^s vessel A containing dilute 
solution of sulphuric acid. Two rods, S of copper and 0 of Zn are 
partially dipped in the solution There exists a number of posi- 
tively charged ions of Hydrogen and negatively charged ions of 
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in the dilute solution of sulphuric acid When the rods, of coup 
and zmc are dipped in the solution, the positive tons of hvdm 
move toward the copper plate. The negative ' ’ 

toTbs of 8o^ travel towaids the zinc plate. This 
is on account of chemical affinity existing be- 
tween the ions and the plates Inns are not 
neutral atoms but parts of atoms carrying 
either a positive or a negative charge. The 
agency which does the work of moving these 
ions within the cell h called electromotive 
torce, J-liis comes into existence on account 
01 chemical reactions Thus, within the cell 
the positive charge moves from the zinc 
to copper plate giving rise to an electric 
current As explained above this current which 
hows from zinc to copper within the cell is 
due to the electromotive force It remains 
constant so &r as tte solution and the plates are the siiine. . , . 

plots its cAoipc towmds the copper 

S(.ol dS.“ !;' of the dnc plate. Bc^i 

zme Xnst causes the cutrent to flow from dopper to 

to that <rf wlw? difference acts in a direction •o^'sile 

increasing fill So the potential difference goes ''on 

cqSlK’re^t stpTMt V” '' -“!• 

the tnoUnffni A.fr,. ” ithiu the Cell Hence, in the open' ci*'cuit 

/cr« “ hen i'^ “ “S'®* «> Oecliomotivd 

Oircnif frnl « IS closed current begms-to flow in the outer 

potential differeme^ Aa^n\h *« lowering' of the 

p.d across ihp ml nUr, Starts aUing maintaining th^ 

which %a resmon^htdi i ** is the electromotive force 

emf potential dtffierince.'She 

suffer f™m?fee“XT&lL'“®’“''° 

With have seen that hydrogen ions charged - 

mse th?ioLnf®iT‘r ®®PP®r plate. They^ - 

ind a few r molecules of the fas do not, escspfe, 

copper Plate ^ neutral layer of hydrogen gas arround -the 

posSive^uIate S? ^ prevents the fresh ions to go towards, the 
: 7 potential of the copper plate falls and the ^ 

offers ^"1 o^r neutral gas formed aFound tlie positive piste t 

ttaofaiia?rS.w ““ *° ourreufwithmfhe-oell. As the - 
telv if hepnrr, ^ the resistance-also increases. Ultimaf r. 

m Che cell current totally stops - flowing with- 

oharel^^n^^nr!?® fresh incoming hydrogen , ions carrying positive, 
to fitft ^^^1 cojppcr plate, they hand over their charges' 

^ GUtral layer»^ Thus« au 0l6CfcriQ fiAir? f« RAt '■nn tll6 
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layer of lijdrogcn and 7inc plate. This jb called clcc/rojMo^tve 
force It tends to send current in tlio opposite direction If it 
beconics quite high it completely impedes the motion of hydrogen 
ions towards the copper plate. It results in the stofipago of the 
current within the cell. 

Polarisation can ho removed by preventing the formation of 
hydrogen layer around the plate This can be achieved by oxidising 
hydrogen, ns soon as it 18 formed DiSbrcnt oxidising agents have 
been employed by difforcnt persons in diflercnt cells T/ic chemicals 
tchich are used to remove hydrogen tn these cells ate called depolarisers 
(2) Local action : — Pure zinc docs not react with H^SOi unless 
a contact is cstnbhscd between zinc and copper Ccrtainlmpurities, 
c g , carbon, arsenic, iron, lead etc. are always present in the 
Ordinary rmc used m making zinc plates These impurities act with 
acid forming miniature cells consising of impurity, acid and zinc. 
These miniature cells so formed causes local currents to flow on the zinc 
rod This unnecessarily consumes the zino rod because the local 
currents so formed do not contribute to the mam current. This is 
n sheer wastage of zinc and is known as local action. 

This defect can bo remedied by coating the zinc rods with a 
■mercury layer This process is known as amalgamation of zinc Zinc 
dissolves in mercury and comes on the surface layer, while others 
remain inside the mercury coating Thus the contact between the 
two IS broken Thus the local action stopes 

§4. Cells • — Following are a few important primary cells. 
Each one of them has got a different polariser and a different 
electrolyte 

Leclanche Cell — 

Construction — It consists of a glass vessel containing a 
solution of ammonium chloride A f orus pot is placed m the middle 
of the vessel A carbon rod is placed at 
the centre of the pot Powdered MnO^ 
mixed with pieces of carbon is packed around 
the rod m the porous pot A zinc rod is 
immersed in the solution Carbon and zinc 
respectively form the positive and negative 
plate of the cell The electrolyte is NHJOl 
Working — Zinc acts on ammonium 
chloride forming ZnCl^ and positively 
charged ions of hydrogen 

2 Zn+ 2 NH 40 I= 2 ZnCl 2 + 2 NH 3 + 2 H+ 

The ions penetrate the porous pot and 
carry the charge to the carbon rod The 
potential of the carbon rod increases MnO^ 
acts as a depolanser It acts on hydrogen 
forming water 

2 Mn 02 +Ha=Mn 203 +Ha 0 

Bein^ a solid it is a weak oxidising agent. Therefore, the cell 
gets polarised after a little use But if some rest is given to the 
cell the deposited hydrogen will be converted into water and the 
cell will again work. Thus, this type of cell is suitable only for 
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those places \pliere intermiileni current is needed, 'e.g , in telegraphs, 
telephones electric bells etc It is quite > cheap and sturdy. Itfe 
emf 18 1 45 volts. The local action is eliminated by amalgamating 
the zinc rod ’ 
DanieUCeil:— 

Construction : — ^It consists 4. ' 

of a copper vessel filled up with 
concentrated solution of copper 
sulphate The vessel acts as the i 
positive plate In the middle of 
the vessel is placed a porous pot 
containing dilute sulphuric acid ^ 
and an amalgamated zinc rod. q 
T he zinc rod forms the negative 


aSOij 





which are positive go into the m 
solution reacting with E^SO^ lo 
forming ZnSO^ Positive ions JS 
of hydrogen are liberated in this 
reaction, and the potential of the 
zinc plate is lowered 

2n-H-+H2S04=ZnS04-f2H+ Fig.' 24. ^ \ ' 

The hydrogen iom so pro- ■ ' 

duced travel towards the copper vessel reacting with C^SOf 
Copper Sulphate Solution acts as a depolarxser. 

CUSO4 4- 2H+»*HgS04 + Cn++ 

Neutral solution of sulphuric acid is formed and positively 
charged ions of copper are liberated. The ions travel “towards the 
copper vessel. They give charge to the vessel, and are deposit^ 
there Thus, the potential of the copper vessel increases. The 
e. m. f. of this cell is 1 1 volt The liquid depolariser used is better 
than the solid depolarisers Therefore, the cell is almost free 'from 
polarisation. Local action is eliminated by amalgamating the zinc 
rod This type of cell can be used where steady current is to “be, 
drawn. 

§7. Bunsen’s Cell ; — 

Construcdon : — Alteon- '' 

Bists of a porous pot filled _ « 

with concentrated solution of 

nitric acid. 'A“ carbon rod 11 M 

is placed at the centre of the , ' 

pot. The rod act as the wrjc^wd 

positive plate of the ^ cell. ^ 'r*' 

The porous pot is placed in sin.PHumc^3 , 

'a larger procelam vessel 

containing dilate solution of i ‘ 

Bulphanc acid.' An amalga-, ^ .Fic'.SS 

mated zinc cylmder is placed ' ’ * - 

between the vessel and the porous pot.'. It' 'temains'' immersed in 
NndOj, and acts as the negative plate 


PORUS POT 

WRJCAciD ^^2nCVUNt)t^ 


SUlPHURtCf 
ACID. E 




iCARBoV Roe , 
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Wtkrfetnir. Thf rcnctjonfi tnke i>lftcp in while UNOg nets 

a*? n 

7a\^^ *i- nSOi « ZnSO, + 2H++ 

The popitfvf jonfi of rinc react with II.SO, forming ZnSOj and posi- 
tive ions of IL Thetc ions travel ihrongh the porous pot acting with 

nxo. 

37KO3 -i- 2 n+’- = 2 HjO + ^NOw- 
Molecuks of KOj carry the positive charge to the carhon rod, and 
the potential of the rod incrcncca NO, dissolves in concentrated 
HKO3. Tliis cell IS not much in use because the fumes of NOj aro 
very mjurioua and disagrcenhlc Its c m f is 1*05 volts. Polarisa- 
tion is also not completely removed in this cell 

58. Grove's cell It is exactly similar to that of Bunsen’s 
excepi that the carbon rod is replaced by a platinum foil. It is 
not in u<e now. 

§9. Bichromate cell Construction. It consists of a gloss 
bottle containing dilute solution of snlpbunc acid. A few crystals of 
potassium diebromate nro placed in tne 
acid. The crystals of potofesium dichro- 
matc act as a depolarmr. Two inter 
connected carbon plates c c arc placed 
in the bottle as shown in fig 2G The 
plates act as the positive plate A zinc 
rod forming the negative plate is placed 
between the carbon plates 

Working. Zinc ions go into solu- 
tion reacting with HjSO*. 

Zn++ + H2SO4 = ZnS04 + 2H++ 

The positive ions of hydrogen so liberated 
band over their charge to the carbon 
plates. They are converted into water 
by the depolanser KjCrjO, Actually it 
IB the chromic acid formed which acts 
as a depolanser. Its 0 m f is 2 volts, 
and has an extremely low internal resis- 
tance As the depolarisation is not com- 
plete, the current falls off soon It is 

employed only when strong currents are required for a very short 
duration. 

§10. Standard cells : — As the current is drawn from the cells 
described above, generally their e m f s decrease Therefore, they 
cannot be used where constant e m f is required Hence, for cali- 
bration and comparison purposes standard cells are required. Their 
e m f B r< main constant and do not change with temperature They 
are used only for calibration purposes They are mainly of two 
types • — 

(1) Cadimium cell : — Construction : — ^It consists of two limbs 
made up of glass ]omed by a horizontal tube as shown in fig 27 
It forms a H shaped vessel Pure and dry mercury is placed at the 
bottom of one of the limbs. It acts as the positive pole. Above 
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the level of moroury paste of mercurous sulphate is placed -which 


acts as the depolarlser. 


fez— CADMIUM 
SULPHATE 
solution 


CADHIUM 
SULPHATE , 
CHYSTALS- 


MERCOROUS 
5ULPHATE*t^i5ir^, 



1 


Fig. 27. 


At tlie bottom of tho other Iimb ^aa 
^amalgam of mercury and cadmium 
18 placed -which acts as .the nega* 
tive pole. In the vessel ’Saturaled 
solution of cadmium sulphate is 
filled in. The level of the' solu- 
tion in tho vessel is kept a"^ little 
above the horiirontal tube. ''.To, 
ensure the saturation of cadmium 
sulphate solution, crystal ‘ of 
cadmium sulphate are placed as 
shown m fig 27/ Two" platiunm 
wires are fused at the bottom of 
both the limbs. " Its o m.f. /is 
1*0183 volts at 20‘’O. Strong 
It IS mainly used for com 


JHsAci 


currents are never drawn from this cell 
parison purposes only. 

(2) Latimar clarhe cell — It is similar to cadmium cell except 
that cadmium is replaced by zinc through out It is often shaped 
like dry cells. . / , 

§11. Dry cells : —They are nothing but modified forms of 
Leclanche cells They are extensively used m torch lights, radios, 
etc. Every body is quite familiar with ^ 

these types of cells 


CARBON ROD 


Construction ; — It consists of a carbon 
rod to which is ‘^attached a brass cap It 
forms the positive pole. The rod is placed 
in a muslm bag containing powdered char- 
coal, MnOj and a little gum. Around the 
bag 18 placed a paste of NH^Cl, saw dust and 
a little zinc chloride in a zinc container 
The zinc container forms the negative plate 
of the cell A non conducting diaphram D 
is placed at the bottom and the top of the 
contamer to insulate it from the carbon rod. 
To allow the ammonia gas to escape outlets 
are provided in the muslm hag. The e.m f. 
of this cell is 1*4, volts. 


1. 

2 . 


' QUESTIONS 

I 

Uescribe a siiaple voltaic cell. _ 



(Seo§2)r 

moved 


^hat are the defects of a simple cell and how can theyjj®, 


3 Describe and explain a Leclanche cell 


I^nO. m this cell 7 


What is' the function of 

> ' (Sees®) 


4. Giving a neat diagram describe a Daniell cell, why w it 

than a Leclanche cell 7 . . - . ^ / (Sees,/ 

5. Dosoribe" a good standard cell giving a neat diagram. ^ ^ 


CHAMKn V 

MAGNETIC nrrECTS OF CURRENT 

§1. Introduction nnckr Inc current |in««c'! throu|ib 

n wjn ttc Ijeltl m produced nrnuutl tt It limt n current 

c^rryinr conuucinr 111 o n mrtgupt. Thu« nnp firPt of oH 

demiuvurfltrd by .\rfl{:o. 

Fix ft c-trxl hoanl /iC/) inn hnnrontni plnnc. Sprinkle iron 
fiUnpit tjpon ito ctirfncc Tike n copper wire PQ nnd pruja it m n 
bole made m the centre of the cirtl 
board The wire nliouhl remnin 
perfectly vertical Now pa®s cur- 
ten tin the ttiro from P to (f. Tap 
Ibeenrfl board. The iron filiiipB 
will nrrnftpc themrolvcfi in a parti- 
cular way. .Tu'it near the wire 
they a^iM ttrrnnge in conuntnc 
eirritf na Fhoten in iig. 29. If jou 
take ft compaffi needle iia noith 
pole mil travel ftlong thcnc curves 
which arc noUiing hut UncJt of force, 

ThiP simple experiment illuptmtes 
the fact that when j'ou pass cur- 
rent through a wire magnetic field ts produced. In this chapter yon 
shall study tho magnetic cIToots of current. The direction of the 
lines of force is anticlocI,ioiae if the current flows upwards If tho 
direction of tho current IS reversed, t c., it is made to flow down- 
wards the direction of tho lines of force will become cloclwise. 



B 


Oersted further studied this phenomenon and performed an 

experiment in 1819 which demonstrates tho effect of an electric 

. current on a magnctio needle. * 

P . 5* 



Fig. 30. 


Take a pivoted needle NS. 
Place a straight wire PQ above tho 
needle in such a way that it is parallel 
to the axis of tho needle. Now pass 
current as shown, i e , from $ to P 
The needle will be deflected. It will 
tend to set itself at right angles to 
the wire Its north pole will be de- 
flected os shown by the arrow If you 
reverse the current the needle will be 
deflected in the opposite direction 


Amperes’s rule : — You have already seen m the above 
article that when the current is passed m a wire, magnetic needle 






placed near it i? j\tnpere studied wTcelt and «a* 

uncjated a rule ’trhich isf called Ampere's rule'. It gn tru the^ d»r«jc^: 
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tion of deflection of a magnetic needle due to tlic passage of current. 
It can be summed up as follows . — ‘ 

Imagine a mass*swimtning In the direction of Iho current along 
the wire with his face always turned towards the needle (se^ 
■fig 31 ) Then lie norlh of ih& ntedh tedl Ite dfJUcled iotrar^ 
Jits Ip/I hand, Obctotisly the sont?t pole tnlt he deflected iatrarde^ his 
right hand. « 

§3. MaxWeli's cork screw rule : — ^If yo® 
an ordinary right-handed tori: screw so that its point 
moves in the direction in ■which the current is flowing.' 
Then, the direction along which the thumb is rotsHug 
■will gjre you the direction of the magnetic lines of 
force as shown in fig. 32 From this the direction, of 
deflection of the north polo can be easily found out. , • 

§4. Field due to a current 0owing in a straight 
wire : — ^Laplace's theorem : — TPhenever ^ a current 
passes through a wnre a magnetic field is produceo 
around it. The intensity of the . magnetic field jso* 
duced at any point is given by LapIace^s fhaor^. 

Xjaplace*s tlieorem j~It states that the magnetic' 
field F produced at the point P distant d from 
length i of a short conductor carrying current i is 

- ft) directly proporiional fa the , 

■sirengih ,of the current %, t.e., 

' ' - F" cci 

(it) d treetly proportional tofhe length ‘ 

-of the eouducior^ ie i ^ ' 

- Foci- 

(tit) directly proporiional to the sine 
of the angle between the conductor and the 
line joining the middle point of the elentent, I 
io the point P, t.e. 
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{if) t J ihf iUftnntf hthrcm 

iK* if/ft'.f?;* <rn^ /> J’jf /’, i f, 

/* v: 1 v* 

■rsr r,n ^ht- fni- in imc <*ijiini!on »> ??’<'{ 

„ i I nti i* 

^ - 

or i ^ ' ,v. h<*ro A* h n *rtii*!{ftnt dt pcndins: upon 

rt* 


tlio umJ'* in whi<rl« nthrr qunntitt»*« nrc nji'0*>ur» d. Tjic direction of 
tin* fif-Jd t« r{ r?pht •tnsilt"* to the phti'' ('oiUtuniiip the element and 
the point, «nd the ren'o jt jjivcn by the cork icrew rule. 


^ S. Field nt the centre of n circular coil carrying current : — 
l.«?t a current nfistrensith 1 flow throupl) ft circular coil of radius r. 
Ifunly thcpmMl elenirnf .'J/i of length f, 
on it 4 circnmfennce is taken into con- 
sideration, b}’ LnpUeeV law the tnten‘<ity // 
of the magnetic field at the centre of 
the cod dne to this clement of length /, i% 
given by 

F,sa=A'-^'|*- fiin 0 


• ^ 

«m 90 (hccftu'se the 
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luip joining the centre to 003* point on the 

circorafernneo H alwft38 normal to tho clement, and so 0 is always 
90 *]. 


or 




Similarly take another element A. 
-due to that element is given by 


^2 



The field F2 at the centre 


Tho two fields will bo acting m the same direction Also field 
due to every clement on tho circumferonce will bo in tho same direc> 
tion. Therefore, the total field F will bo equal to tho sum of these 
fields 


■Fi+F2-{-jP’g+... 

jK I /, , if t A , , 

J.8 4“ T“ 

— ~r (^i+^8+^8+”* ) 

~K i — [because fi+A+^3+* the length 
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of the circumference of the whole coil which is equal to 2KrJ.' . 


or 


F^K 




The direction of the field will be perpendicular to the plane 
containing the conductor and the point The sense will be given by 

right handed cork screw rule. The 
direction of the field 'can also ^be 
found out by noting the direction 
of the current. If you look at 
the face of the coil, and find that 
the current is fioxoing in tJie' clock- , 
Wise direetton, Ute positive direction) 
of the lint of force inside the ‘coil ■ 
Will be away from you, i.t. the field' 
will be acting away from you. 'If , 
the direction of the current- is' 
anticlockwise the positive diredion of the lines mil be towards you, » e^ 
the field will act towards you. Obviously in the former case the face 
towards the observer will behave as the south pOle while in the latter 
it will behave as a north pole sh^n in fig 35. > ^ ' 

_ ^ S ^ 

§ 6. Electromagnetic unit of current : — ^From equation (1) 
of the liwt article, the field F at the centre of a circular coil is given 
by 



F^ 


r * 


If we select the unit of current in such a way that when . 
r=l cm , j ^6=2^, K is reduced to unity, our e:q>ression for 
field becomes 


This unit 18 known as eleclromagnetie unit of current. 

Bence, an absolute eledrotnagntUc unit of current can be dxfne^-- 
as the current which when flowing through' a cifde of unit radius will^ 
exert a force of 2rt dynes on a unit north pole placed at the centre of the 
coil. It is written as e m.u - i - 


. The e. m u. is very large for practical purposes. The practical^ , 
unit 18 an ampere which 18 one*tenth of an electromagnetic 'unit or 
current. » ’ , . ' ' ' 

1 ampere=-A' e. m, u of current If the current is' rbeasufed'^ 
in amperes the field at the centre of the coil will be , ' ^ . 


* oersted 
10 r 


or 




2nni 


10 r. 


42 ) 


"where n is the number of turns in the coiC ' - 
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§ 7, Fleming's left hand rule : — So far we have considered 
only the action of current on magnets. On the other hand if a 
conductor carrying current i8 
placed m a magnetic field, the 
conductor erpenences a force and 
tries to rotate As action is equal 
to reaction and the magnet is 
i^xed, it is the conductor which 
.'-moves The direction of motion 
of the conductor is given by 
Fleming’s left hand rule The Fjg.36 

Tale can be stated as follows — 



Hold the thumb, first finger and the middle finger of the left hand 
tn three directions mutually at rtghtangles to each other If the first 
finger points tn the direction of the magnetic field due to the magnet, 
and the middle finger tn the direction of the current then the thumb gives 
the direction tn which the conductor moves {See fig 36). 

§ 8. Solved problem : — A study current is flowing through a 
circular coil of 10 cms. radius and having 10 turns When kept in a 
vertical plane magnetic east west, there is a neutral point at the centre. 
IfE^O 35 gauss. Galculate the strength of the current. 

^ Field F at the Centre of the coil is given by 

ri 27cn» 


or 


At the neutral point F=H 


2nnt 


Or 


In this problem fl=10, r— 10 cm and H=0 35 gauss 


0-35= 


27r 10* 
10 10 


t =0*557 amp 


QUESTIONS 

1 Describe experiments to show that a circuit carrying current be> 

^ baves like a magnet (See § 1) 

2 Assuming Laplace’s law for the magnetic field due to an electric 

current, obtain an expression for the field at the centre of a circular 'coil carry- 
ing current [See § 4 and § 5] 

3 Define electromagnetic unit of current, what is ,its practical unit, 

and what is the relation between the two types of units [See § 6] 

4 What is Fleming’s left hand rule ! [See § 7] 

NUMERICAL PROBLEM 

Calculate the force experienced by a magnetic pole of strength 
6 units placed at the centre of a coil of 400 turns and 20 cm radius through 
Which a current of 10 amp. is fiowing. [See § 5] 

(Ans 7E4 26djns) 


CHAPTER VI 

GALVA^^O^iETERS 


§1. Introduction : — Galranonieters are the instruments l>j 
which olectnc current con be detected or measured. They an ^ 
itco types ' — 

(1) Moving magnet type : — ^In such types of instruments the 

coil which carries the current is fixed. Tho magnet moves at the 
centre of the coil, e y , tangent galvanometer, astatic salranometer, 
sme galvanometer etc . “ . 

(2) Moving coil type'; — In such types of inslrnments the 
magnrt is fixed. The coil moves in the magnetic field of the mag* 
net They are of two types : 

{i) Suspened coil type, ^ , 

(li) Pivoted coil type. , ' ' 

. Tangent galvanometer t — It consists of a circular coil of 

msnlated wires of a few turns wound npon a wooden frame (sec, 

fig. 37). The frame is itself 
capable of rotating about a 
vertical axis fixed at the centre 
of a circular horizontal disc 
fixed at the base. Tbxt base 
rests upon three levellmg 
screws At the centre of the 
coil there is placed a cyimdri- 
cal box covered with glass. 
The box carries a horizontal 
circular scale fixed at its base. 
The scale is divided into four 
quadrants reading from 0* to 
90®. A smairmagnetio needle 
is freely pivoted at the centre 
of the circular scale. A long 
and light aUumintum pointer 
is attached to the 'ne^le at 
Tight angles to its ’length 
Rig 37 . The pointer moves over the 

, ' circular scale. The base of 

the box also carries a mirrior in which the image of thepointer can 
be seen. The box can^also rotate about a vertical axis > , 

The two ends of the coil are connected to two bindmg screws . 
fixed on the base of the instrument The number of the turns arc 
usually written between the two binding- screws. Generally the 
instrument <»rries three or four coils of different 'turns each con* 
nected to a different bindmg screw on the base of the instrument 
The coils are so arranged that any one or all of them can be put in 
the circuit in series > * ' * 
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- A^jujlmpnt t~(») Firfii Icrel ihe innfrujnont hya spirit lerel. 
Thi‘> %viU ui»»rr frop nmvcinent of tlie nefdle at tho centre of the 
jjcale. 

(iVj Kotnie the coil till H cobkh »n the mngncfic nicnrlmn. 
In thi** position i*s« pHne wiU hr pnrnticl to the length of the tnng- 
iiet, 1 1 , hoth of them r ill he m the s-inio \ertical plane. 

{«»») the hex earrtfnc; the needle such that the pointer 

n — 0 on the cirv'tiKr seale 


(♦i) Connot'i the t^ro required lertnumlft on the ha$o to the 
tlePtred eiremt, and pass current through tho coil. Duo to tho 
passage of the eiirreul tnnpnctio held it produced and (ho needle 
tfill he dcfleet^d Note donii the dcncctions at both tho cuds of 
the pointer and find the mean of the two rcatlings 

Theorj* : — When tho current is paswed m tho coil, magnotio 
field f* IS produced at its centre The field acts at right angles to 
tho plane of the coil, i e., at right angles to the length of the freely 
pi\otcd magnctie necdlo. The field is almost itm/omt tn a small 
reyion near f/ic eevtre An the needle used is quite small it more or 
less niovee in a uniform magnetic field 


Xow two fields at right angles to each other arc acting upon 
the needle, (i) Barth's honzonfat component B acltnp along the 
fJane of the coil in the 
magnetic meridian 
{it) The fteld F acting at 
■right angles to B as 
^houn in fig, 38. 

F will try to set 
the needle at right 
angles to tho magnetic 
meridian, while 7/ trios 
-to bring it hack to its 
•original position* Hence, 
tho nccdlo is acted upon 
hy two couples (i) Tho 
•deflecting couple provid- 
•ed by the field F (pro- 
duced on account of the 
£ow of current) (»») The 
restoring couple provid- 
•cd by H Under tho 
influence of the two couples the needle will come to rest in some 
intermediate position making an angle 0 with the magnetic meri- 
•dian In equilibrium the moment due to one couple must be equal 
to that of the other. 



Let tho polo strength of each of tho poles of the needle AB 
>be m Let its mean position be represented by SR, Let it make 
an angle g with tho magnetic meridian in the equilibrium position 
(see fig 38) The force on each pole due to H will be mH dynes 
acting parallel to the magnetic meridian The force due to F on 
each pole will bo mF dynes acting perpendicular to the magnetic 
jneridian In equilibrium. 
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or 


or 


Eestonng couple =Defleeting couple 

mlly,AQ^'mF y^BQ 

But AC=AB sin 0, and BC^AB cos 6 

mE AB sin 6—mF AB cos 6 
mH Sin 0—mF cos 0 

cos 6 


F—HitmO . (1) 

It is calkd tangent law. As this galvanomer is based upon^ 
this law it is called tangent galvanometer. 

Let i be the current flowing through the coil of a tangent 
galvanometer. Let the number of turns of the wire in the coil be 
n, and its radius r. Then by Irfiplace’s law the field at the centre 
of the coil will be • , 




2Tmt 

r 


. ( 2 ) 




or 


From relations (1) and (2) we get 

2izni 
r 
rS 

27C» 

V 

Here t is measured in e.m. units. If it is measured %n amp* 

lOrH 





27W1 


-tan 6 


^H/G tan 0 




which 18 a constant called the galvanometer constant because n la 
constant and r is constant] , 

But for the same place H is also constant, and therefore ' , ' 

EjGssk [where k is another constant] 
or »=sA: tan 6 • .. (3) 

or toe tan 0 > ...(4) 

Thus, the current in the galvanometer is directly 'proportional 
to the tangent of deflection k is called the reduction factor of tha, 
tangent galvanometer. It is so named because by- multiplying it 
with the tangent Of the deflection, current* can be obtained. If 
0=45°, i—k Thus, the reduction factor is , numerically equal to 
the current in amp flowing through the coil when the deflection la 
45°, As k depends upon H and O, it changes with, change of place 
, and 0 (on account of n and r). , , , , 

The following points should he carefully noted regarding a tan- 
gent galvanometer . — " ' 

(1) The coil must he exactly in the magnetic meridian, other- 
wise the tangent law will not apply. It can be verified by reversing , 
the current in the coil. If the coil is correctly set the deflection . 
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remain the same in both the cases If the coil is placed at 
right angles to the magnetic meridian the needle will not be deflect- 
ed, because now the two fields are acting parallel to each other. 
Hence, no couple acts. 

(2) As the field is more or less uniform only over a small 
Ttgion at the centre of the coil, the magnetic needle should be small, 
BO that it may move in a uniform field The pointer is made longer 
in order to read the deflection with greater accuracy It has been 
assumed here that the magnetic needle is very weak, and therefore 
exerts no magnetic field of its own. Hence, there are only two fields 
F and H acting at right angles to each other at the centre of the 
coil where the magnetic needle is placed. 

(.3) The instrument will be accurate when the deflections are 
near about 45“ Because in the vicinity of 45° a slight error in 
reading the deflections will not cause any appriciable error in deter- 
mining the value of the current. 

3. Sensitiveness of a tangent galvanometer : — A galvano- 
meter which produces large deflection for a small current is said to 
be sensitive The larger will be the deJUchon for a given current the 
more will be its sensitivity. 

Hence for 6 to be large for a given value of t, h,ie, SICf should 
be small. Thus for a galvanometer to be more sensitive G should 
be large and H should be small To make G large n should be more 
and f should be small. But n cannot be increased indefinitely for 
the following reasons 

(1) If the number of turns is increased, the turns will re- 
quire a certain width of the coil for their winding as shown in 
fig 39 on account of this their centres will not lie at 
the same point Furthermore their radii will also be 
different, and so the field will not be uniform and 
tangent law will not apply 

(2) As n increases the resistance of the coil will 
increase diminishing the value of the current Hence, Fig 39 
n cannot be increased after a certain limit 

Similarly r also cannot be reduced below a certain value 
because if r is reduced as shown in fig 40, the rigion having uni- 
form field at the centre will be reduced. It means 
that the magnetic needle taken should be very 

O very small which is not possible, because it also 
has got some length. 

Therefore, to make the galvanometer more 
Fig 40 sensitive E should be decreased It can be done 

by putting a control magnet above the galvano- 
meter needle in the magnetic meridian The magnet should be 
so placed that it may oppose H,ie , its south pole should point m 
north direction. It will reduce the value of the resultant field 
acting in the direction of magnetic meridian This can he adjusted 
by adjusting its distance from the needle. 

^ The deflections can be increased by taking a long pointer, but 
it will increase the weight of the pomter This will result in more 
friction, and lower the value of deflections 
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We have assumed in the theory of the galvanometer that the 
magnetic needle being small does not have any field of its own. But 
however small it may be, it has got some magnetic moment of its 
own and therefore, it reduces the deflecting couple decreasing the 
deflection, and hence the sensitivity. To avoid this astatic.pair of 
nee^es is taken. This increases the sensitivity. 

,^4. Defects of a tangent galvanometer : — . - 

(1) Every time before taking readings it should he placed in 
the magnetic meridian which is a cumbersome affair. 

(2) As the controlling field H is weak the deflection in the 
galvanometer is easily affected by the presence of small magnets or 
magnetic substances in its neighbourhood. 

(3) The deflection produced is not directly proportional to ^hut 
is proportional to tan 6. Therefore it can not he made direct reading. 

(4) The needle takes time to come to rest. 

§5. Moving coil galvanometers {suspended coil type ): — 
Description : — It consists of a permanent horse shoe magnet N8> 
The pole faces of the magnet are concave having a cylindrical air gap 
in between them. A coil of insulated copper wire of many turns is 

suspended between the two pole 
pieces of the magnet NS. lie 
coil is either rectangular or 
circular . in shape It is sus- 
pended by means of a phosphor- 
bronze strip A fixed to the 
tortion head H forming one of 
the terminals of the instrument 
The current enters the coil 
through this strip. The other 
end of the coil is connected to 
a coiled spring B also of phos- 
phor-bronze. The spring is con- 
nected to the other terminal 
of the mstrument. Current 
' leaves the galvanometer through 
the spring. The spring and the 
strip also provide the control- 
ing couple The strip carries a 
mirror Jif. By lamp and scale arrangement the deflection of the 
mirror can he fonnd out > ^ 

Usnally an iron core of spherical or cylindrical shape as shown 
in fig, 42 is fixed at the centre of the coil This concentrates the 
lines of force in the coil 
increasing the conlrolhng 
field The pole pieces are 
made concave or circular to 
make the field radial as 
shown in fig 42 The coil 
is so suspended an the air 
gap that the magnetic Ime's 
of force due to the permanent magnet are parallel to its plane As 




Fig. 41. 
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the field becomes radial the lines of force always remain parallel to 
the plane of the coil, so long the coil rotates in the vertical plane. 
The coil may he in any position, the lines will always cut its vertical 
sides at right angles, 

Adjushnents : — The instrument is carefully levelled so that 
the coil IS free to rotate in the magnetic field 

Working : — ^When the current is passed through the coil it 
developes polarity at its two faces and behaves as a magnet. Due 
to the interaction between its field and the field due to the perma- 
^ nent magnet a couple is developed This couple which is called the 
deflecting couple tends to set the coil at right angles to the direction of. 
the magnetic field (field due to the magnet) On the other hand the 
tortion present in the phosphor bronze strip opposes the motion of 
the coil and generates another couple which opposes the former. 
This 18 called the controlling couple Under the influence of these two 
couples the coil sets tn an intermediate position where the moments due 
> to both of the couples are the same The defection of the coil is 
measured by lamp and scale arrangement 

Theory: — Let H be the field due to the permanent magnet, 
i the strength of the current passing through the coil, I the length of 
the vertical side of the coil, h the breadth of the coil and n the 
number of turns of wire in the coil When current passes through 
the coil each of its vertical sides experiences a force equal to H il 
dynes As there are n turns the total force experienced is equal 
to H tin 

Thus, the moment of the defecting couples^n t E lb. 

If 0 IS the deflection and T the moment per unit twist generat- 
ed in the strip, the moment of the restoring couple will be=Td. 
In equilibrium the two are equal 

• niH I b=Td 

T 

or i— - ry,, 0 [but lxb=A the area of the 

coil] 

T 

or t= : 6 

nH A 

T 

or t=A: 6, [where L= — =— 7 , as T, n, E and A 

n u A 

are constants I will be a constant] 

This IS called the constant of the galvanometer 

Hence t cc 0 .. (S) 

Thus, the current passing through the coil is directly proportional 
to the angle of deflection If ^ is known, i can be calculated 

§6. Sensitiveness of a moving coil galvanometer — ^From 
(P 

relation t= — s 0 , for the same value of t, 0 will be large when 
nE A 

K is small For k to be small T should be small and n, E and A 
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should be large. If A and n are very much increased the resis* 
tance of the instrument will increase adding very -little to the 
sensitivity of the instrument Hence, to increase sensitiveness T is 
decreased and H is increased As phosphor-bronze has got more 
tensile strength and smaller value of T, it is extremely suited for 
using it in suspending the coil. S is increased by taking a more 
powerful magnet 

As this form of galvanometer was first of all developed by 
D'Arsonval, it is also called D’Arsonval galvanomete r. It is very 
sensitive It can measure currents up to lU"® amp 

•jSSi 

§ 7. Damping of a galvanometer : — ^Even when current ceasM 
to pass, the coil does not come to rest quickly In order to make it 
dead beat, ie , in which the coil comes to rest quickly, its oscilla* 
tions are damped It ts done hy loinding (he coil upon a light 
conducting frame The eddy currents ptodaced in the frame oppose 
the motion of the coil, and brings it quickly to rest 

8. Comparison between tangent galvanometer and moving 
coil galvanometer' — 


Tangent Galvanometer 

(1) The controlling field 
provided by earth’s megnetio 
field is very weak. Hence its 
deflection is affected by iron 
pieces or other megnets placed 
in the vicinity 

(2) Before use always it 
bas to beset m the magnetic 
meridian which takes time. 

(3) The constant EJG of 
the galvanometer changes from 
place to place. Therefore, at 
each place it has to be deter- 
mined separately 

(4) Once the , megnetic 
needle is disturbed, it takes long 
time before it comes to rest 

(6) Current is proportional 
to tangent of deflection. 


Moving Coil Galvanometer > 

(1) The controlling field 
provided by the permanent 
megnet is very strong, and hence 
its deflections are not ' at all 
affected by other external ffelds. 


(2) It can be pieced in any 
position 


(3) Its constant remains 
the same at all places So once 
it has been determined it can he 
used any where. 

(4) By making it dead beat 
the coil can be brought to rest 
at once 

(3) Current is proportional 
to deflection ' 


The moving coil galvanometer also suffers from some dis- ' 
advantages In case of a tangent galvanometer current can be 
determined from its dimensions which is not possible in- this case 
Burthermore, if very strong currents are passed in moving coil 
galvanometers they are damaged. 


OfAr.vr- 
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Kfi e'^nfrpUttt'f o<uvh to hnlancc 
f^'' dff.rctivt? rou/df [S>c fig. 

I '\ A hfiht pointer m fit Inch’ 
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. -/C ^ - ■ pointer niovcu over a circular 

*'*>^'' 7 © U Q ®t 8 T>~ acalc (nlihratcd III pnrta of equal 
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r.p 43 ( 6 ). ^ , 

Winn currtnt is passed 

throni'h the roil, (ho coil bohnvea like 
■o magnet. There is an iiilcr*nctjon 
bf tween it*, field and the fiild due to the 
permanent magnet, which provides the 
■deflecting couple Undir the inflaenco 
of the deflecting couple and the con- 
trolling couple the coil and hence, the 
pointer comes to rest in some inter- 
mediate po«ition which con bo read on 
the scale. 

Though the pivoted typo of gal- 
vanometers are a bit less sensitive than 
the former type, they are easily portable 
and dead heat The pointer quickly 
comes to rest They are generally em- 
ployed m oil electrical experiments Fig 43 (c). 

..^ 10 . Ammeters and Voltmeters ’—They are the instruments 
which measure current and potential difieronce respectively. The 




mu 




r.p 43 ( 6 ). 



Fig 43 (c). 
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former nre low resistance galvanometers while the latter mo 
resistance galvanometers. They have been discussed in details m 
the next chapter. i 

§11, Solved problem TAe coil ofn tangent galvanomder 
consists of 5 turns and has a mean radius of ZO ems, A current of 
2’1 amp in the coil produces a deflection of 45“, Find the horizontal 
component of the field 

EVom the theory of the tangent galvanometer we have 


t 


lOrH 

2rra 


tan 0 


or 


In this problem t!=2*l amp., r=20 cm , ; B—'i 

^ 10x20xH 

" 2x314x5 

E =*329 oersteds 


QUESTIONS 

i 

1 Desonbo tho essential parts of a tangent galvanometer and explain 
its action Whjr is it called a tangent galvanometer 7 (Sea § 2} 

2. Explain the construction, action and use of a tangent galvanoxneter. 

Why IS the instrument most occurate when tho deflection is 46® 7 Why should 
the magnet pivoted at the centre of tho coil bo small 7 (See § 2} 

3. Wbat do you understand by reduction footer of a tangent galvnno* 

meter 7 How can it bo calculated (See § 2) 


4. Discuss sensitiveness of a tangent galvanometer and show what ere 

its defects. (Sec § 3 and 4) 

B Describe giving a neat diagram, snspended coil type of galvanometer 
and explain its theory (See § 6) 

6 Discuss the sensitiveness of a moving coil galvanometer (Sec Sll) 

7 Compare and contrast moving coil galvanometer with that of 

tangent galvanometer. (See § S) 

5. Describe a moving coil pivoted type of galvanometer and show how 

it has been made dead beat (See § 3) 


NUMERICAL PROBLEMS 

1 A current of 2 amp. flowing through a coil of tangent galvanometer 

produces a deflection of 42®. Calculate the reduction factor of tho golrano- 
meter. {Arts 2 22 amp.} 

2 A tangent galvanometer with 20 turns and 10 era radius is placed 

in the magnetic meridian Calculate the current which will deflect thogolvano- 
meter through 4.5® IH=*35 gauss] (Aris, 0 278 amp } 

3 Tho coil of a tangent galvanometer is 10 cm in radius. How mony 

turns of wire should be wound on it, so that a current of 0 01 amp may 
produce a deflection of 46® 7 [H=0 18 C G S. units] (Atts 287) 
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OHM’S LAW 


§1, Ohm’s law : — Connect a coil of wire J? m senes with an 

ammeter A, a coll and a key (see fig 44). Connect a voltmeter V 
across the two ends of the conduc- 
tor to find out the potential difier- 
ence Pass current through the coil 
Note down p d. across It in the 
voltmeter Note the current 
through it by the help of the 
ammeter. Now increase the 
number of cells in the circuit. The 
p d. across B will increase, result- 
ing in the increase of current in R. 

In this way change the number of 
cells for a fcwitimes, always noting 
down the values of corresponding p.d and current. Find the ratio 
between p d. and current for each pair It mil come out to be a con- 
stant quantity, if the temperature of the coil is kept constant. Thia 
type of experiment was first of all performed by Ohm and hence^ 
the result arrived at due to this experiment is known as Ohm*t law. 

The law appears to be extremely simple, but its importance m 
physics IS enormous. It states that at constant temperature, the- 
potential difference across the ends of the conductor is directly propor- 
tional to the current flomng in it. If E is the p.d. and i the current, 
then mathematically 

E cc i or Eft=a constant 

This constant is called the resistance of the conductor and is gener- 
ally denoted by the symbol B Thus Ohm’s law can be expressed in 
the following ways : 

E/t=B (1) 

or t=EIB . . (2) 

or E=iB . (3) 

It IS clear from relation (2) that if p d. is kept constant cur- 
rent in the circuit is inversely proportional to resistance, ^ c , if J?' 
increases t will fall and vice versa Thus, it resists the flow of current 
in the circuit and hence is called resistance 

Factors upon which the resistance depends : — It can be 
easily demonstrated by a simple experiment that the resistance R 
of a given conductor is * 

(t) directly proportional to the length of the conductor provided 
its material and cross-section do not change 

(li) inversely proportional to the cross-section provided it» 
material and length remain the same. 

Hence if I and S is respectively its length and cross-section, 

R ccl 
ec 1/S 
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or 

where a is a constant This constant depends upon the material of 
the conductor and is called the specific resistance or the resistivity 
■of the material of which the conductor ts made of. 

If we put 1=1 cm , and 5=1 sq. cm. in the above equation J? 
becomes equal to a ’■ 

Hence the specific resistance of a substance can he defined as the 
resistance offered by a wire of that substance of unit length and unit 
cross-section. Or it can be expressed as ihe-resislance offered between 
two opposite faces of a unit cube made of that substance 
From the above relation 


JS5' 


' I 


putting units for jR, 5 and t, we get 

ohm X cm.2 


a= 


cm 


=ohm X cm. 


Thus it can be expressed as obm-cm. As it is the resistance 
offered between the two opposite sides of a unit cube, its unit ,can 
also be expressed as ohms per cm.® 

Specific resistances of a few substances 


Copper 

Silver 

Iron 

Manganin 

Eureka 


1*7 X 10~® ohm-cm 
1*46x10-® „* . 

8 6x10-8 
40*0x10-8 
49 0x10-® 


-^3. Difference between resistance and specific resistance 
Resistance of a conductor can increase or decrease depending upon 
its length and cross-section, but specific resistance is -a' constant 
quantity. So long as the material is the same it does not change. 
It IS ]ust like specific gravity or specific heat. 

§4 Variation of resistance with temperature * — The resis- 
tance of a wire generally increases with the rise of temperature. It 
the resistance changes from So at 0“0 to Sf at ^'’C, for small value 
of /, St can be given by the relation ' ' ■ ' 

Sf=So{l+at)f ' ^ 

vrlxcTc tt. is the iempeialiire coefficient for resistance Smaller will be 
the value of a, lesser will be the changes produced in the resistance 
of a wire due to change of temperature. For pure metals the^y^alue 
of a=*00366 which is equal to the coefficient of cubical expansion 
of a gas. 

§5. Difference between the behaviour of pure metals ai^ 
alloys — By mixing certain metals, certain alloys can be obtainea. 
So far as resistance is concerned they are superior to pure metals for 
the following reasons ' 

(i) They have got very high specific resistance, and therefore 
* 
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for A given vftlae of n reflistance, only a emnll length of tho conduce 
tor IS required 

(ti) They possess very lotr temperature coefficient. Hence they 
arc used in constructing standard resistances tvhich do not change 
with temperature. 

The nlIo 3 s coranionl 3 ' used are : 

(1) Mnngnnin. — It is an nllov' of copper-manganese and Zinc. 

(2) Eureka or Constantan. — It is an alloy of coppciaD ickel. 

(3) Nichrome. 

(4) German silver. 

Different units — (1) Strength of the current. 

,,,^^lcclric charge. — The quantity of electricity earned by 
1 c. m. Unit of current in one second is defined as one e. m. unit 
of electricity. 

Its practical unit is Coulombs i e , the quantity of electricity 
conveyed by one ampere in’bnoTfcfcond 

Coulombssamperes x seconds 
1 Cou lomb = A c.m unit 

= jV X 3 X lQ^’>=jx 10® es units. 

Strength of the current ie defined w the guanlity of electricity 
flowing through a conductor in unit time. It ia thus, the rate of flow 
of eleclricitg. If Q is the quantity of electricity flowing for t seconds^ 
then the current * is given by 

t = Q/t 

The practical unit of current is ampere 

1 ampqre=i^th of an e.m. unit of current 
= A-X 3 X 10^° =3 X^® e B. units.. 

''‘—^2) Potential difference. — The two ends of a conductor PQ 
(see fig 45) are said to possess a potential difference of one C G S. 
(electromagnetic unit), when unit {q 

work (1 erg) is done in transferring — — vVS/WWVA f— ' 
one e m unit of charge from Q P Q 

^ • Fjg. 45 . 

The practical unit of p d is 

a volt. Two points are at a potential difference of one volt when one 
j'iule of work ta done in moving one coulomb of charge from one point 
to the other > 

1 volt=lQ® emu of p d = 3 ^ 5 - e s unifs. 

•.-(8) Resistance.— The electi^m^netic unit of resistance can be 
defined as the resistance offered by a conductor when one emu of 
p d. across its ends causes a unit e m u. of current to flow through 
it. This can be easily deduced from ohm’s law. 

The practical unit of resistance is ohm A conductor is said 
to have a resistance of one ohm when ap d of one voU across its ends 
causes a current of one amp to flow through it. 

Thus, 

1 volt 10® e.m n. 

1 amp. ~ Af 


1 ohm— 


I Q® e.m .u. 
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The units can be expressed in a tabular form also .— ^ 


8.N. 

Quantity. 

Praettcdl units 

Equivalent 
e.m, units. 

1 *“ 

Equivalent 
e.8 units . , 

1 

Current 

1 amp 

1/10 emu 

3x10® esu 

2 

Potential 

Difference 

1 volt. 

10® e.m.u. 

1/300 esu 

3 

Besistanoe 

1 ohm. 

10® emu 

‘l J 


are connected end tn In!? J*®® * When number of resistances 

«a.d to bo”arSrgof .n^tes ™ 

e eries. AH, CD, EF are the resistances 

• ^ V 



Fig 46. S’ 

reopeo. 

across the three conductors f»A ^ them be i. Let the p. d, 

applying ohm’s law to 

If V fi. Vs^BgC 

«d B w la™ 

or /=n+F,+F. 

Hence ’’ ^ ^ 

12=^2?, +i?j+223 ^ ^ 

'Senes is cgaa^ tAe nawfter o/ condkctors arranged in 

y§8 R . ®^*‘^‘’2 2*eindmdtta2re5wtonc^a ' - ^ ’ ‘ 

tanceis connecl^i^o\^onfnf^^®^^~i^®° every resis- 

. common pomt O, and the other end tolnother 

Ri common point D as 

“y~~~~vAA/wvv~. « shown in the fig. 47 

they are said to be 
arranged in paral- 
lel. In this arrange- ' 
inent the current i 
divides into as ’ 
many branches as 
** there are conduo- 
' ' tors at G and again ^ 
■*'*g 47. .combine at 2?. . ~ ' 

d.fferenS'’t”o^^“\““ .f'be'r? Si bTbT^^ 
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be respectively the resistances and ij, and ig be respectively the 
currents through these resistances Let i be the total current 
passing through these resistances and R the total resistance of the 
system (t c , equivalent resistance), by applying ohm’s law, we get 

»=«i+*2-r*3 


or 


. r*- _Z Z1 

•• R Rj_ "^iJg L * 12 ’ *"~i2i ’ ’ ^^-Rs J 

_L=J_+ J +± 

R rJ rJr^ 


Thus when the resistances are joined in parallel the reciprocal of 
the equivalent resistance is equal to the sum of the reciprocals of 
individual resistances 


As conductance is defined as the reciprocal of the resistance, if a 
number of conductance is the sum of individual conductances. 

It is clear that if the resistances are arranged in parallel 
their equivalent resistance is smaller than the resistance of any one 
of them. 


' Thus, to introduce more resistance in a circuit arrange the 
resistance in series while to have less resistance arrange them in 
parallel 

9. Shunts : — When a strong current is passed through the 
galvanometer there is always the danger of its being burnt It is 
on account of the excessive heat produced due to the flow of the 
current To protect the coil from this danger, usually a small 
resistance is connected in parallel to the coil of the galvanometer. 
Most of the current flowing in the circuit is shunted o£f through 
this low resistance, and a very small current passes through the 
coil. It ensures the safety of the instrument This low resistance 
connected across the terminals of the galvanometer is called a shunt 

Let Q be the resistance of the galvanometer. Let the resis- 
tance of the shunt connected in parallel to it be S. If t is the 
current flowing in the main 
circuit, it will divide into two 
parts at the point A to com- 
bine again at the point B 
Let the current through the 
galvanometer and the shunt 
be respectively tg and is. If 
V 18 the potential difference 
across the galvanometer and 
the shunt by applying ohm’s 
law wo get — F,g 48 
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By dividing (i) by (ii) ne get 
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G 



46 


PHB. 17 i 71 VJERSITy PHYSIOS 


or 


Adding one to both sides, we got 

•R f -S 

{■^iO+,S 

=<7W 

-s 

S'' 
Cf-f-S 


UflAP. yjij 




iO 
iQ==t 


.•OoaalaB.ade.e^vly 

be multiplied by thirfactor. ^ galvanometer should 

»eta “ *“ thegalvaao- 

i^= J s 


or 


V‘ — J<-7 

the shunt resistance 

7 (ti—j) gahanomeier 

*’“““eltteg“van?maf™°‘‘"^“'onIyiVthofthe mam onrwit 
-Sr=^®-_=__£__^ ff 

Similarly to get “®pSf|7*^^ometer • — 

Sawlf°^ resistance of the circuitdecr*^^^^®*^ m resistance, the 

^o!"Ti^eletr They ^ 

afflp" 1 ,y'“’“”®^'’^Sar S’ fa” ST^F- 

pointer r standard current in amp or.milli 

pointer rests on zero, marted n« i measuring instruments The 

moves toward right when currewf*^®^®^^ scale. It 

one amp. current is flowmg through it. Actually, if 

owing in the circuit a small fraction oY it' 
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enters the coil which gives the deflection. This deflection is called 
one amp and so on. Thus it is calibrated. 





Fig 49 (a) Fjg 49 (6) 

As the pointer moves only in one direction it is essential that 
the current should enter only from, one terminal Hence + and — are 
marked on the terminals The current should always enter from the 
positive terminal. The ammeters are always put in series in the circuit. 
As the resistance of the instrument is extremely reduced, they do 
not change the value of the current when placed in a circuit They 
simply measure the current without changing it Their range can 
be changed by employing suitable shunt 


Voltmeters : — This is also a moving coil pivoted type 
of galvanome^^er In this case instead of a low value shunt high 


resistance is put in senes 
With the coil This enor- 
mously increases the re- 
sistance of the instru- 
ment. As it IS used to 
measure potential dif- 
ference between two 
points in a circuit, it is 
put in parallel to those 
points between which prd 
IS to be measured As 
it has got a very high re- 
sistance it takes up to 



very little current from p,g 50(0). 

the mam circuit when 


connected in parallel Thus, the current strength in the mam 
circuit remains undisturbed. In this case also only a fraction of the 

main current enters the instrn- 


R 



Fig. 00 (6) 


ment It is calibrated by the 
help of some standard instru- 
ment As in ammenters the 
zero of the scale starts from 
left hand, and the pointer 
moves towards right For simu 
lar reasons current should al- 
ways enter from the same HrmU 


4 $^ 


- » -v. . ' p»«;n 



^V> 





’'^^ --'I 

W ti'jn.v v» ^ i,: S S-svv 


alupq n?«.^ V regulation of 

^»«C3 of m..t«„co8. For A purpose 
rosisiAnoo boxes are made. .'4 
resistaneo box ts a box of 
wood or ebonite on t&e'fon' 
<»rit brass blocks are laid ir 

ilT'* ^®-P® between 

ft! !V‘ can be' fitted " 

m tbese gaj>a Below tb’ 
xajx's resistance coils of fixet 
i^HsUtnees are placed. T< 
u rstcuet a proper resistance 
length of rests. 

‘ nee wito generalty cither of 
V t ^,’^«’‘teac*‘£“«*Yit*aistaW 
'^'“wWS sed woand 
hfWv * f^^'Ocxdarffn? eg- 
Vv‘ **•- % 3i (&l 

-olbras?^ 

b>\ fc-ext 

^^*3;$. Ih tl^ W3 Jh 
CQa COiJ ' 

> v*C'fv\v 


V\\ \ v>'.' ^•'»' 

A' resjslasees , 

t j,s ^srcsiv. r^ 

»*'■" i-VvA - 


ohm's LAM’ 


dO 


ciTAi\ vnj 


tlm Kjinilftr rcanouR i« oithor of Constantan, or Mnngnnin. Tho 
wlro Jr Monnd on a non- s 

conduct fug cylinder gone* 
rnHy of china clay. Kucli 
turn iR inaulatcd from the 
other. A eliding contnot /? 
plidcB o\cr tho cyhndtT 
and mnKcH eontnet with 
tho M’irc. C !<• n tcrniinal 
connected to tho thick rod 

'along whielt S tnovee If -1 I'lK 02 (o). 

and C ato count oted in tho clroiut, and 
if tho current enters tho rheohtat 
at U pfi«^ca through the niro hel- 
Mecn A and S and leaven at C. It doc't 
not flovT botwccn S and Ji. If /Jin 
moved tovardn A, tho current pawnen 
through IcSRcr and Icnncr number of 
turns. Consequently tho rosintonco 
docreanen and ourront incroanrs In- 
stead of this, if S is moved tou’nrds B, l.',g n2(fc). 

more ronistanco is introduced in tho 

circuit and tho current dooreafloi. Similarly, if B and S arc conneot- 
. ad m tho circuit, ourront Mill pass through i?»^. By moving 3 to- 
? wards B tho rcsistanco in tho circuit M’ill dccroaho and vice versa. If 
^ and 71 arc connooted in tho oiroiiit, it will bohavo as a fixed 
rcsiRtnneo. On tho top of tho instriimont is upunllv soniothlng wntton 
like 22 ohms. 2 5 amp It moniis that tho maximum ourront wJnoU 
can bo passed through tho rheostat is 2*5 amp without damaging it. 
If current exceeds 2 5 amj) , ooil will bo burnt ofl duo to oxoosbivo 
heating 22 ohms, denotes tho maximum roflistanoo it can oflor 
when conneotod botwoon A and B. 

14. VoriBcalion of ohm’s law:— (for details see a text Book 
of Practical Pliysics by tho authors Tho law can be easily vonfiod 
by a simple oxporimont in tho following way, 

(t) Gonnoot a battery B, a koy K, a variable rosistonco 3, an 
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fig. 53 (6) A voltmeter is put in parallel to the rej«istance cot! M, 
^5 Cate should be taken to see 

-1*1, — S that in ammettr and voh- 

"ji ^/s/yy^^y^Ar" meter current should al- 

ways enter from the positive 
termical. 

‘ Hi) Pass ' current 
through i? by inserting the 
plug in key K. Note down 
the value of p. d. ncro«R R 
by the help of the voltmeter. 
The ammeter will give you 
^ the value of the “ current 

pawsmg through i?. This will be one set. Let T and t be rcppec- 

and ? ^ ° current. Then find the ratio hetween F 

change the res'stance in the circuit bv tnoviug the 
consequently p d[ changes the current b circuit ; 

Battery 

+ 1 Rheo-stat 



across R will also 
change. Note down 
the new values of 
current and p 6 
This Will be another 
eet In this way 
change the current 
in the circuit for a 
number of times, 
each time noting 
the value of F 
and f . 

{iv) Find the 

p 

ratio -^for each sci. 




R.B. 




J 


7.6 


VoltmeJef 

, Fjg. 63 (c), 

Foli tti7/ sec that it comes out to be constant for each set tcMch is equal 
to R(^ =R J . Jt proves Ohm^s law. 

on^ resistance should not chance through 

out tne experiment. 

verified by a tangent galvanometer instead of an. 
tS « exactly the same except that the amme- 
F * ^^®„^’^ngent galvanometer in ,the circuit. Now the 
K tan $, where K is the reduction'factor of the taogfUt 

galvanometer and 8 is the deflection. In this case — — will come 
out to be constant. [See, fig. S 3 (c)] . 

nf applied lo a * circuit i—Internal resistance 

passes through a cell it has to pass 
t:^ugh the electrolyte constituting that ceU The electrolyte 

of 'resistance to the passage of the current, 
g the cell. This resistance is called the internal resistance c/ 
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cell It vanes from cell to cell The •primary cells have more 
internal resistance than secondary cells which will be described m the 
□ext chapter. 

The mternal resistance of a cell depends upon the following 
factors 


(1) The Electrolyte Different electrolytes will offer different 
resistances. 

(2) Size of the Plates ; — The larger is the size of the plates 
the lesser will be the resistance offered and vice verse. 


(3) The nearness of the Plates The nearer are the two plates 
in the cells lesser will be the resistance offered and vice versa 

If Ohm’s law is applied to a circuit it will be found that a 
certain fraction of the e m f is spent in driving the current through 
the cell. 

Connect a cell across a resistance JR as shown in the fig. 54. Let 
E be the e m f. of the cell, B its internal resistance, JB the external 
resistance and i the current flowing 
through the circuit Then by Ohm’s 
law, 

^ Current— ^ circuit 

“Total resistance in the circuit 

or Es=: 

If V 18 the across R m the 
closed circuit 

V=lR Fig. 64. 

or E—V+iB 


+J1I- 




^ K 


Hence, in the closed circuit the p d across the plates which 
IS available for outside circuit is less than the e m f by the amount 
iB, Thus, the amoui.t of p d =iB is unnecessarily wasted. Thus, they 
are called lost volts The amount of energy is spent in driving the 
current within the cell From above equation. 


B—-‘ , from 

t 

cell can bo determined. 


this equation the internal resistance of a 


It has already been discussed that the e.m.f. comes into 
cxistance on account of the chemical reactions taking place in the 
cell. Thus, It remains the same so long as the plates and the 
electrolyte is the same on the other hand, the potential difference is 
built up across the two plates on account of cm f. attirvg in the cell. 
In the open circuit they are equal and act in -tho opposite 
direction In the closed circuit a part of the c.m f is consumed in 
driving the current within the cell , hence, potential difference in the 
closed circuit is always less than the e m f. 
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§16. Groapicg of Cells : — " 

N^{1) Cells in Series: — ^When *a 
nnm'ber of cells are so arranged that 
the positive pole of one joined fo thj 
negative pole of the other ^ they are saU 
to be arranged in series as shown in fig 
55 (a) and 55 (6) 

Let n be the nnmber of cell* 
joined in series, eacb possessing ai 
internal resistance = B ohms, and e m f. = B volts. Let them b( 
connected to an external resistance R ohms. Let i be the curren' 
throngh R. Then by Ohm’s law 




Fig. 55 (6). 


Cnrrent= 


Total e.m f in the circuit 
Total resistance in the circttit 


Total e m.f. in the circuit = nB, as they are arranged in series, 
e.m f. will increase n times 

Total internal resistance =nB ohms. 


External resistance 


—R ohm. 

. nB 
* ~ nB+B 



Kow two things arc possible I ‘ 

^ (t) When R is sipall in comparison to nS, i ~ B/B *•£•* 
current is the same as in the case of single cell and t^cre is no advantags^ 

(ii) When li'is quite large compared to nB, i 

current increases n times in the circuit compared to a single celt. Btn^ 
if the internal resistance is smaller^, to get strong current the ce^ 
should Ic arrmged in scries. 


ohm’s law 
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'~-(2} Cells in parollel : — When a number of cells are so arranged 
that all tlicpoHttic poles art comuclcd to the same point A and all 
(he negative poles to (hr other 
point B, they arc said to he 
arranged in patallcl. The 
points A and B respectively 
form the positive and nega- 
tive pole of the rosulinnt cell. 

Let the number of cells 

beti, each postcsaing e m.f. , . . . 

=£? volts, and internal resist- j. v t.— . — * v®vK 

ancos=B ohm. Let i be the 
current flowing in the external 
resistance Jt duo to this 
arrangement See fig 56 (a) & 

(b) 

As the cells arc arranged 








A 

li 

B 

1 

, 

j 





R 

Fig 56 (a). 


in parallel their internal resistances are also arranged in parallel , 
hence the total internal rcsistance=jB/n ohm. 

Total resistance in the circuit = -j- R 

and total e.m f in the circuit = E 

Therefore, by Ohm’s law. 





Fig 56 (5) 
E nE 


Efn-f-R 

In this case also two things are possible 
It) When B>> B 

nE 

t = -^^—ElB, t e., the current is the same as 

due to a single cell 

(*f) When nR « B 

i—nEjB te , the current increases n times Thus, if the cells 
possess high internal resistance, to get maximum current in the external 
resistance the cell should he arranged in parallel 
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few of arranged that a 

to be arranged m mixed parallel, tbej are said 


. , — “ ill senes 

to be arranged m mixed 
grouping As shown in the 
diagram there are 12 cells 
arranged in mixed grouping 
T^y are connected in thrle J 
4 0 ™^“°^ row cootatamg 4 

general case let 
Jnere be m rows each oon- 
tamog_„ oells Let tZ 




— |i" 


■f* — l!" 

deni — ii — It- 


-wwwwvw— 

R 

Fig 57. 


<•> 


e m P A the 57. 

LetH be the ^ernaT^rM«°^ respectively E and 5 

flowing. resistance through which the current iis'^ 

■w «| 

^ all the rows are con^ected^^*^^’ ™ acting in each iovr=nE 
m the circuit = nE. parallel the resulting e m.f.". acting 

The^mternalresist^^^^ ^ . 

parallel = resistance in the circuit due to m rows in 

m, 

•■• ^''“‘enee m the eiremt = 

.•=B.^5rr= nn® ': 

Conditi ^ 

grouping will be maximu^oi^ — ^he current in the mixed 

The above relation i- 

mE+nB put as, * - 

»= nzn^ ^ , 

It is ^ j ’ 

denominator on th? TiSrhan^^^l J® maximum, only when the , 
^nommator T ^ ^ minimum Now in the 

er^ it jjQ minimum positive and a constant terni^ 
{'S/mR—yy hB)^ is m imm ^^m ^ ^hen the other variable tenn 

or ** ('^^--VSl)=o 

mR=nB 


or 


B= 


fiB 

vT 


^ ^fhe term on thn « t,* l 

fSrfw o/ iie hand side is nothing iaf egual io total 

way that they fulfill bovia^ the cells are arranged in such 
• jH be maximum ' condition the current in the circit 
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Thts, t« a mixed grovjnng cwnnt tn the external resistance 
wiU be maximum when the celts arc so arranged that the external 

resistance (fl) is equal to the total internal resistance 

§17» Solved problems ; — 1. A lamp of resistance 80 ohms 
tales a current of 0 76 amp What voltage required to loorL it ? 

By Ohm’s law 

H . 

or 2?=tiR=0-75 ><80=60 Volts. 



2 TT'lia/ length of wire of diameter 0 024 cm. and of specific 
resistanc e 48 micro ohm s per cm cube would be required to construct 
« coil having resislancc=l ohm ? 

From §2 we have 

s 

In this problem a =48 x 10“® ohm cm. 

S—TZ{ 012)® sq. cm 
i2=l ohm 


3 14x( 012)® 
48xl0-« 
=9 42 cm. 


3 Tuo coils in series have a resistance of 18 ohm and tn 
parallel a resistance of 4 ohm Ftni their respective resistances 

Let their individual resistances be respectively Bi and i ?2 


Then, jBi+ 52=18 
Solving these two equations we get 


2ifi=12 ohm. 
B^—^ ohm 


4 A galvanometer of resistance 100 ohm can safely take a 
current of 1 milli amp Calculate the resistance of the shunt if a 
current of 1 amp is to be measured by it 

The current (t) flowing in the mam circuit is 1 amp , but 
■only 1 milli amp is to flow in the galvanometer. Best of it should 
pass through the shunt With usual notations we have 


IG=% 


8 

8+0 


In this problem, 10=1 milli amp =too'o anip. 
1=1 amp 
(?= 100 ohm 

1 1 -S' 

1000 ^ iSr+lOO''^ 
ohm. 


or 
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o. A milh. ammeter reading up to 5 milli. amp, I 
tance of S ohm. Mow would you convert it to measure 
milh. amp, {b) up to 100 t/olts 

(a) In this case let it be shunted by a resistance of 


S, then 


or 

or 


/(3=t 


8 




•005== 026^ 
5==|=1’25 ohms. 


Hence a resistance of 1 25 ohms, should be placed 
to its coil 

(6) In this case let a high resistance of the value 
in senes with its coil. 


or 


The current in the galvanometer=0 005 amp. 
The total resistance in the eircmt=ff+i2==54-5. 
The p d to be measured =100 volts. 


006 


100 


H-f-o 
iJ =19995 ohm. 


Ans. 


6 electric circutt contains a all of e m f. . 
internal resistance 0'5 ohm connected with three con 
rest stances 2, 2 and 8 ohm. respectively all in series, 
dtffirence of potential existing between the ends of the middle 

The external resistance in the circuit=l-f 2+3— 6 o! 
Internal resistance =0 5 

Total resistance in the circuit =6 5 

3bet t be the current in the circuit 



amp. 


As the current is the same in all the three coils, p 
the middle wire (r)=»i?. 

V ='j^ X 2= 615 volt. 


7. Find the resistance of a battery which in open c\ 
an e. m f. of 6 tolls , and which when producing a current 
has a p. d. of 4 volts between xis poles. 

Let the internal resistance of the cell he B ; the 
E—V 

JB— j where B is the e.m f m the open circuit, V its 

p d., and i is the current. _ , 

In this problem J5=6 volts. 

F=4 volts 
»=2 amp. 

=1 ohm. 
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8 A battery of cclh each of internal resistance 2 ohms., and- 
CM f. 1 4 volts 15 to he connected so as to send a maximum current 
through a wire of 12 ohms. Show how you will connect them, and 
find the current in each of the cells , also find the potential difference at 
the ends of the external resistance. 

Let the cells bo arranged in mixed grouping having m rows 
each row containing n cells. Then by §16(3) the condition for 
maximum current is 

mR=.nB 

In this problem, jR= 12 ohm and ohm. 

12rn=2n 

mXM=24 [As the total number of cells 
IS 24] 

Solving these two equations, we get 

n=12, and m—2 


Thus the cells should be arranged in two rows, each row con- 
taining 12 cells arranged in renes 

Prom §16 (3), the current in the resistance R is 
. mnE 12x2x1*4 „ 

- 24 + 2 ^ = ™ ^ 


This divides into two branches , therefore in each branch the 
•70 

current will be = = 36 amp. 

Hence, in each cell the current flowing =0 35 amp 


Potential difference across the resistance=»xP 


= 70x12=8 4 volts. 


QUESTIONS 

1. State and explain Ohm’s law. How can it verified in the laboratory ? 

(See § 1 & 14) 

2 What do you understand by resistance and specific resistance of a 

wire ? A thick wire possesses more resistance or a thin w.re of the same length 
and material ? Explain (See § 2 & 3) 

3 Define absolute units of current, potential difference and resistance 

and obtain practical units from them. Name the instruments by which each is 
measured. (See § 6) 

4. Define a volt and an ampere (See § 6) 

6 Enunciate and prove the laws *of resistances in senes and paral- 
lel In which combination the resultant resistance will be more and why 7 

(See § 7 & 8) 

6. Explain the uses of shunts What is the resistance of a shunt which 
when jomed to a galvanometer of resistance g will cause 1/nth of the total 
current to flow through the galvanometer (See § 9} 

7 Give the full theory of shunts How can you make use of the theory 

m altering the range of a given ammeter (See § 9 & 10) 

8 What IS an ammeter 7 How is it used ? How does it differ from a 

voltmeter 7 (See § 10 & 11 ) 

0 Desonbe how you could convert a galvanometer into ammeter or 
voltmeter of any desired range 7 (See § 10 & 111 
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10 What do yoa andcrstand by tbo internal resieloncc of a cell 5 Hnw „ 
can yon find it esrpentncJolony ’ {Sec § lot 

11. What do you underataud by mixed grouping of ceDat How tnll 
you arrange a number of ceUs given to you m mixed cireuit to got maxirauw 
current in an external r^siatnneo. Dorire tbo condition required. (See J 16) 

sriuauiCAi. THOBxasMS 

1. A coil of resistance 20 ohms is to bo constructed of a wire of diameter 

0 146 mm. and spociCo resistance flxl0“*ohm per cm.®. Bhat length of the 
wire will be required ® {Anx, C64 4cn.) 

2. One gm. of copper wire is to be drawn into a wire (o) 0’5 cm. radioSr 

(6) 1 cm. xadms Compare tbcir resistances. (Awe 16 il) 

3 You ore given two resistance boxes each containing resistance coils 
of 1, 2 and 5 ohm Show how will you arrange them to introduce a reaislaoco 
of 2 1 ohms m the circuit. 

[7 ohm, from the first box and 3 ohm from the second box, and then the 
two boxes must be put m parallel Ana.} 

4 The same current is made to pass through a metro long wire of 0 OS 
cm radius, and another wire of copper 2 metres long. The potential difiercuce 
between the ends of the first wire IS 1 volt, and that between the ends of the 
secoud wire is 20 volts. Find the diameter of tbo second wire 

{Am, 0 1/V JO emO 

5. A moving coil ammotcr has a resistance of CO ohm and gives a full 
scale defieotion for a current of 0 5 milb amp. How can it be converted to 
measure (a) up to 200 volts (^) up to 2 amps. 

1(a) A resistance of 39050 ohm. should be placed in eerios with coil. Am. 

. (6) A shunt of the value of 0*026 ohm. Should be placed in parallel to 

the coil. Ansi 

6. A voltmeter has a resistance of 1000 volts and range of 15 volte* 
How can it be converted to read up to 150 volts. 

(Ans SOOOobm resistance should bo placed in scries) 

7 A cell in the open circuit has e.m.f. of 1*5 volts. In closed circuit 
when the current is 0 0$ amp., the p d. between the poles of the cell is 1 2 volts* 
Calculate the internal resistance of tbo cell (Ans. 6 obmS ) 

5 There are 4S cells, each of e m.f 1 S volts and internal resistance 

3 ohms How wordd you arrange the cells so that they may send maximuju 
current through an external resistance of 60 ohms. TFbat will bo the current in 
the resistance. (Ana 2 rows of 24 cells each ; 5 02 amp ) ' 



CHAPTER VIII 

CHEMICAL EFFECTS OF CURRENT 


^^1'' Electrolysis : — Definitions — When an electric current 
passes through solids no chemical changrs take place in them. But 
when it is passed through conducting solutions (e g , solutions of 
salts, acids and bases) they get decomposed into their chemical con- 
stituents The two parts into which the solution dissociates travel m 
the opposite direction The liquid which gets decomposed is called 
the electrolyte The phenomenon of decomposition of a solution due 
to the flow of current through it is known as electrolysia. The vessel 
containing the electrolyte IS called the voltameUr or an electrolyltc 
cell. The two conductors through which the current enters and 
leaves the voltameter are known as electrodes. The electrode through 
which the current enters is called anode, while that through which 
It leaves is termed cathode The constituent parts mto which the 
electrolyte gets decomposed are known as tons The ions travelling 
towards anode (positive plate) and cathode (negative plate) are 
respectively called antons and hations. 

<^2." Theory of electrolytic dissociation : — ^Arrhenius thought 
that even by the mere act of solution an electrolyte is broken up 
into two parts known as ions Ions are nothing but atoms or cluster 
of aXoms carrying an electric charge. Thus they are not neutral. The 
more is the solution diluted the more will be the number of ions 
present in the solution. When a neutral atom breaks up it gives 
rise to two types of ions carrying opposite charges The two types 
of ions carrying opposite charges remain moving m the solution. 
When a potential difiference is applied to the solution through the 
electrodes, attraction takes place between the electrodes and the 
ions The positively charged ions are attracted by cathode and 
moves towards it For similar reasons the negatively chargrd ions 
go towards the anode. Hence they are called kations and anions. 
As the ions carry charge their movement in the cell constitutes current 

Suppose we take a dilute solution of CaS 04 . It break up 
into positive ions of copper and negative ions of SO4. When p d is 
set up between the two electrodes Cu ions will 
travel towards cathode and SO 4 ions will 
travel towards anode — constituting a current 
in the coll 

--fS Faradey’s law of electrolysis — 

Michael Faradcy studied the phenonmenon of 
of electrolysis in detail. From his numerous 
observations ho arrived at cerl.ain conclusions 
known ns Faraday’s laws of clcctroljfis. 

1st law • — The mass of tons UKcrated ly 
a current tn a ghen time is proportional to 
the total quantity of electricity pat*tng through 
it in that time, t e., it is proportional to (be r,g 
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product of the current and time for urhich current is passed. Let 
m be the mass of the ion deposited by passing current % for t 
seconds , then according to this law we have 

w cc 0 (if Q 13 the total quantity of electricity passed) 
fx: it [Q=». t] 

or m—e i t ... (I) 

where e is a constant called the electro chemical equivalent' of the , 
element 

2nd law — If the same strength of current is passed through a 
■number of voltameters containing different electrolytes for the same time, 
the mass of different ions liberated will be proportional to their chemical 
equivalents, (t.e., chemical weights). 

If the same current passing for the same time through various 
electrolytes liberates m^, m^ m^, .... gm of different elements having 
Wi, equivalent weights, then according to this law, 


mj Wj, mg 


Wi : Wi ; tOg 


§4 Voltameters — 


vessel 


The Voltameter — Description 

sel nearly filled up with 15 to 20% aoi 



Fig 69 


It consists of a glass 
% acidulated solntion of copper > 
sulphate. Three plates of copper are 
dipped in the solution as shown in fig. 59. 
The two outer plates AA are joined to- 
gether and have a common binding screw.' 
They constitute the anode through which 
the current enters. The middle plate 
also carrying a bindmg screw iforms the 
cathode The cathode is well insulated 
from the anode plates. It is movable and 
so can be taken out, dried and cleaned 
(see fig. 59). ' < r 

*7 < 

Working. By the very act of 
solution the solution of CuSO^ breaks up 
into ions aocordmg to the following 


equation 

CuSOj e= Cu++ -f- SO4 - ' , ' 

When current is passed through the voltameter, the positive ions of 
copper move towards cathode They give up their charge to the 
cathode and are deposited there Thus as the time passes the 
weight of the cathode increases. On the other hand the' negative 
ions of SO4 move tpwari^ anode. They react with the anode plate 
forming OuSO^ ' • ' " ' ' _ . . 

- SOrr + HgO > HaSO^H- Or- , ^ / ■ ' 

The liberated' negative ion of oxygon reacts with hopper formmg CuO v 
: ^ ~ Cu++ + 0- ^'CuO ' '' 

GuO reacts with H3SO4 forming water and CuSO^ 
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Thus, as coppor dissohcs in solution from anode, its weight goes on 
doorcasing Any tray, the strength of the solution remains the same, 
because the amount of copper liberated from the anode is equal to 
the amount of copper deposited on the cathode. 

This typo of voltaractor is often used ns a current measuring 
instrument. 

(2) The silver voltameter : — Description It consists of a 

platinum or a silver oup A containing solution of silver nitrate. A 
rod of silver (c) is suspended inside the 
* cup as shown m fig 60. The rod c forms 
the anode while the cup constitutes the 
cathode 

Workins:. The solution breaks up as 
AgNOa = (Ag)+ + (NOa)- 
When a current is passed, the positive 
ions give up their charges to the cup and 
are deposited there Hence, the weight 
of the cup, i.c., cathode increases On the 
other hand, the negative ions react with 
anode forming silver nitrate which passes 
into the solution 

(Ag)+ + (NOa) « Ag NOg Fig. CO 

Thus the weight of anode goes on decreasing and the strength 
of the current remains the same. 

The water voltameter. Description : — ^It consists of a glass 
vessel M (see fig 61) Two platinum electrodes C and D are sealed 

at Its bottom The vessel is filled 
up with w’ater As ordinary water 
does not conduct electricity, a few 
drops of HgSOg are added to it to 
make it more conducting Two 
test tubes filled with water are 
inverted over the two electrodes 
They are used to collect gases 
during the electrolysis 

Working : — The acidulated 

water breaks up as 

HgSO^ = Hg !■-{- SO4 
When a current is passed, the 
positive 10ns of hydrogen travel 
towards cathode. They give up 
their charges to the cathode, and 
hydrogen gas is evolved which is 
collected in the tube A The negative ions of SO4 go towards anode 
liberating 10ns of oxygen 

SO4 -l-HgO^SgSO^-j-O” “ 

This IS known as the secondry reaction at the anode. 
Oxygen 10ns deliver their charges to the anode and escape 



Fig 61 
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in the form of gas. The gas is collected in the tube B. From the 
above relation it is quite clear that HgSO^ again comes back in the 
solution, and thus it is only water which undergoes chemical 
decomposition forming Ho and Og according to 

2H20=i2H2+02 

The volume of the gas collected in the tube A wiU be found to 
be double than that collected in the tube B % e,', the volume of 
Hj will be double than that of Oj This result tallies with theoretical 
considerations. If the gases in the tubes A and B are put to test, 
they will be found to be hydrogen and oxygen. Hence, it is actually 
the hydrolysis of water 

§5 Verification of the laws of electrolysis : — 

Verification of the first law Take a copper voltameter, 
clean its cathode plate and weigh. Pass current through the volta- 
meter for tx seconds. Take out the cathode and ag^in weigh , The 
difference between the two weights will be the mass of the copper 
deposited Let it be uii gm. Now repeat the same procedure and pass 
the same current for seconds. Let the mass of the metal deposit- 
ed in this case be gm Then it will be seen that 

when current 18 constant 
m ozt when i is constant 

Now pass different currents and »2 for the same time i second 
and determine the masses deposited Xet them be and gm 
respectively. Then it will be seen that ' . 

where t is constant 

n»4 *2 

/. meet 

From the above two equations we get '' 

moci fj which proves the law. 

Verification of the second law : — ^Put three voltameters of 

copper, silver -and 
water in series as 
shown in 'fig. 62 Pass 
the same amount ' of 
current for the same 
' time through thein. 
Find out the inases of 
” different ions libera- 
ted Let, the masses 
of oxygen, hydrogen, 
Pig. 62. - - - copper ^ and silver^ 

liberated be ^ respec- 

tively Tttj, itig, mg, and If la,, toj, tOg and are respectively 
their chemical equivalents, it will be found “ that mj : mg: mg : mi— 

:v>g:trg :wg > ^ , 

^ so on, which pijoves the law.' 
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Electro chemical equivalent : — From Faraday’s first 

law we have 

m=e * t 

with usual notations. As explained e is a constant called the electro 
chemical equivalent of that substance. If we put »=1 amp.. 
{=1 second 

^ e=m 

Thus, the electro chemical equivalent of an element can he defined 
Xas the mass of the element deposited when one amp current flows 
through the solution for one second It is denoted as e c e. The electro 
chemical equivalents of a few elements are given below — 

Copper 000329 gm. per coulomb. 

Silver -001118 , „ „ 

Zinc -000338 „ „ „ 

H3’drogen 000010 „ „ „ 

From Faraday’s second law if n?} and m^ are the masses of the 
two substances deposited due to the flow of current i for the same 
time 

where % and w^ are their 


Wo 


w- 


equivalent weights. But from first law 

7Ul=Cil t 

W2=e2» i 

where e^ and C 2 are the electro chemical equivalents of the 
substances. 


e^i t 




or 


62 t ^ Wa 
Cl _ 


Wa 


( 1 ) 


from this equation if Wi, w^ and is known, 63 can be determined 
and vice versa, 

'-^7. Experimental determination of e c.e. of copper : — 
Connect a copper voltameter F, a commutator key K, a tangent 
galvanometer T O., a 
rheostat 8 and a 
battery B in series 
as shown in fig. 63 
First of all, by the 
help of the rheostat 
adjust the current in 
the circuit in such 
a way that the gal- 
vanometer gives a 
deflection of near 
about 45®. Then stop 
the current and re- 
move the cathode plate from the voltameter, 
plate, dry and weigh. Put the plate again in 
by the help of the kev allon the current to pi'?'? through the circuit 
Caro should he taken* to see that the current remains uniform 1 c , 
the deflection should not change. It can be realised by the 



CuSOi. 


Fig. 63. 


Thorougly clean the 
the voltameter and 
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^Wjustment of S, Note the deflection - Lot, this he 6 ^ . and 

62 After nearly 20 minutes reverse the current in the tangent 
galvanometer and allow the current to flow for the next 20 minutes. 
Let the deflection an galvanometer in this case be <^3 and 0^ , The 
mean 'of these four readings will give you the mean deflection 0. 
Now remove the cathode plate. Again clean, dry and nrejgh. The 
difference between the two weights will give you the mass of the 
copper deposited. Let it be m gm Let t be the current flowing 
through the galvanometer for an interval t seconds , then by Fara- 
day’s first law 

niccit 

=6 i.t. where c is the e c e of copper 


But 


_ lOJgg 
2mi 


tan 0, 


where R is the radius and n the number of turns in the coil of the 
tangent galvanometer. E is the earth’s horizontal component 
or it=:K tan where K is the reduction factor of the galvano- 
meter 


,% m=eKi&Jx 6 .‘t 

m 

A tan 0 t 

Thus if K IS known e can be determined. In the same way if^ 
fi IS known the reduction factor of the galvanometer ^,can be found'*’ 
out. Knowing e 0 e of copper, e c e of any other substance can 
be determined by equation. (1) ot the last article ‘ 

§8. Voltameters as current measuring instruments r-y-- 
Voltameters are regarded to be as extremely standard current > 
measuring instruments. According to Faraday’s first law if e.c.e. 
of a substance is known, the current in the circiut can be calcula- 
ted. As the mass of the metal deposited, and time for the flow \of 
the current can be determined with fairly high accuracy, the current 
determmed by voltameters is also fairly accurate. For the same 
strength of current the amount of silver deposited 'is much more 
than that of copper. Silver voltameters are preferred where accurate 
measurement of the current is the object. Ammeters are calibrated 
with their help Bather even an ampere is defined ^in terihs of 
the^ silver deposited An ampere is defined as the amount of cw r&ni 
which will deposit O’OOllS gm of silver in one second, ' * \ 

39- Faraday*-s constant : — ^Faraday proved that a ^constant ^ 
amount of charge is always required to hberajte gm equivalent of" 
any element For example “e c.e of copper is 0011183 gm. per 
coulomb, and its equivalent -weight is 107’88 gm '(because it is 
monovalent) . ' < 

0’0011183 gm of Sliver is liberated by J coulomb* 

,*. 1 gm equivalent (t e 107 gms.) of silver will be liberated by 

^=96470 Coulombs ^ V < 

1 As the masses kberated are proportional to ^equivalent weights, 
96470 coulombs of charge will always be required to liberate gm. ' 
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■equivalent of any ion. Thus^ tt is a constant quantity and is called 
Faraday's constant. 


To liberate 1 gm atom of a monovalent substance 96470 
■coulombs of charge are needed If tiio substance is divalent, 
•double the charge will be needed for a gm. atom, and so on. If 
there are n atoms in a gm. atom of any mono-valent substance each 
■carrying a charge c, 

71c=96470 

* But the accepted value of n is equal to 6 16 x 10*® 



96470 
6 16 X lO®-* 


=4:’77 X 10““ e s u. 


This is the smallest amount of charge carried by an ion, 
v§JlO. Secondary cells : — ^The primary cells have already been 
•described in chapter I. The e m f developed in them is due to the 
-chemical reactions taking place in their electrolytes These chemical 
reactions are irreversible. After the production of the current, the 
products of thq reaction are wasted and cannot be transformed into 
■original substances But there are other types of cells also in which 
the reactions are reversible and the products are not wasted They 
are called secondary cells or accumulators. 

When current is made to pass through them electrolysis takes 
place. Electrical energy is converted into chemical energy and is 
stored up in the cell. When the cell is connected to an external 
circuit, » e , when current is drawn from it, the chemical eneigy is 
converted back into electrical energy. The original substances are 
again obtained Thus, the difference between a primary cell and a 
secondary cell is that in the primary cell chemical energy is converted 
into electrical energy, while in secondary cells electrical energy is 
first stored up in the cell as chemical energy, and this chemical 
energy is then converted into electrical energy As the current 
is obtained by secondary reaction they are called secondary 
cells The process of converting electrical energy into chemical 
energy is known as charging the cell, while the process of getting 
back the electrical energy from chemical energy is hnoum as dis- 
charging it. 


There are two types of secondary cells (1) Acid accumulators 
{2) Alkali accumulators. In this book we shall consider only the 
a>oid accumulators 


§xll. Acid accumulators':' 
taining dilute sulphuric acid. 
Two lead plates as shown in, fig 
-64 are dipped in the solution 
The plates are constructed m 
Hie form of grids or net worJss as 
shown in fig 65. in the inter- 
stices of which IS filled litharage 
iPbO) PbO acts with HaSo 4 to 
form PbSOi Thus, to start with 
both the plates contain a mix- 
tureof PbO and PbSO^ The den- 
sity of the acid is 1 17 to 1 19 


•It consists of a glass vessel con* 



Fig, 64, 
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Changing J—Current is passed in the cell from an external 
wnrce, say, D.C mains Due to this, hydrolysis of crater takes place.- 
Hydrogen is evolved at the 
cathode n-hile o:^gen travels 
towards anode. The reactions 
are m follows : — 

At the positive plate : — 

Pb04-0=Pb0j ...{1) 

PbS044-0-t-Hj0=Pb0.4-H,S04 

..( 2 ) 

At the negative plate : 

PbO-i-Hj=Pb-f-HjO ...(3) 

PbS0i+Ha=Pb-f.H3S04 

Pig. 65. 

peroxSe of converted into dark brown 

% j* i while the negotive plate becomes snonev iead 

<I>e S, 

j, lit ^ ^ke solution ; hence its density coes no When U is 
completely charged, the density becomes nea? fboot J 25 to I'z” 
Its e m.f becomes near about 2-2 volts. .i -o ro i 

stSTn tthM“b&^h™J“whe“ 

m"the‘ *0 cathode in the onterSrcort'arf^m 

Sato EoVrS'‘Si'“.*^° .“’i- »>>» bXytX 

eLSrg.;%|^£Stn?o*ge9nrn^! ““ “ 

At the positive plate • ' '' 

Pb0.d-H,=Pb0+H.0 

I>bO+HSO.=PbSO.+H,0- ■ ...(6) 

At the negative plate : . . ; , 

Pb+0=Ph0 • .„(7)- 

m, ^^0+B[aS04=PbS0j^H.0 - - .,.{8) 

ed. Z is discharg- 

Water is formed durino- PbSQj are again obtained^.* 

acid. It again reache/thp?^^i the density of sulphurio'; 

cell regafefSs imti^ *<» ^*1®* ^hul the 

about its electrieil recharged. To know 

b^eoas.onally mlasm^ ^ 1 bydr^to£^^“^ 

should not be charged by passing a hearty 
heal offSolhng aptr!?le h’aJT ‘^“aiapd and the material will 

and ineci^^^i^v* ejn.f. becomes near about 1*8 volts 
from thiq taII ®qnal to 1*17. 2^b current should be taken , 

’ otherwise imoluble lead sulphaiea 
be formed grcafly affecting the efficiency of the cell. - " ' ^ ^ 
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(3) The tMxpacily of the cell is otprcascd in ampere-hours which 
shows the totnl oiuownt of current which can bo drawn from such a 
cell when it is fully charged. If tho capacity is -10 ompero hours, it 
can give a current of 40 amperes for one hour, and a current of 
10 amperes for four hours etc. 

(4) Its terminals should nc\ cr bo short circuited , othorwiso 
huge current will pass through it damaging tho plates. This is duo 
to its inter nal resistance being very low. 

. Generally, to increase its capacitj' instead of two plates, a 
Clumber of plates are taken Tho plates are orrangod in parallel 
olternately connected to tho two electrodes. 

'“-§12. Advantoges X — Tho accumulator possesses tho following 
advantages over that of primnrj' colls : — 

(1) It has got a number of plates which possess large areas, 
and are placed very close to each other This arrangemont extreme- 
ly reduces the internal resistance of tho cell which is of the order of 
0 0001 to 0 001 ohm. As it has got a high e m f and low internal 
resistance, heavy and steady currents can bo obtained from such a 
cell This is not possible in tho case of primary cells which have 
got very high internal resistance 

<2) As tho reactions are reversible, it can bo recharged. 

(3) It can be used for lighting buildings, operating cars, etc. 
where strong currents are needed. 

Despite all these advantages, it has got a fow disadvantages 
also. It is very heavy and therefore, cannot be transported easily. 
Its cost IS quite appreciable in comparison to primary cells Apart 
from this, it requires very careful handling. If it is not properly 
charged at the proper time it will be rendered useless. 

'§^13. Practical applications of electrolysis : — ^Electrolysis 
finds a number of useful applications in industry The following 
are a few of them — 

(1) Electroplating, (2) electrotyping, (3) refining ofmetalsj 
^4) manufacture of chemicals (5) medical applications etc. 

Out of these electroxilatmg is the most important which we 
ehall consider in detail 

Electroplating : — It is a process by which the baser metals, 
e g , copper, iron, etc are coated with a fine layer of more attractive 
or durable metals like gold, silver, nickel etc It is done to impart 
lustrous appearance to any article or to protect it from oxidation. 
It IS called gold plating, silver plating, or nickel plating depending 
upon the nature of the coating desired For example, if, silver is to 
be placed over a brass piece, take a glass vessel and fill it with 
With solution of silver nitrate Make the brass piece as cathode 
and a pure silver rod as anode When a constant current is passed 
through the solution, a fine layer of silver will be deposited on the 
brass piece. For layers to be smooth and uniform, current employed 
should be smaller m strength , otherwise the layers will be chopy and 
peel off soon Thus, the articles to be plated should be made of 
cathode, while the metals to be deposited should be made anode 
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§ 14, Solved problems 1.' The jfiass of, copper deposited in a 
copper voltanelcT is 0'7S ^tn, w 20 tmnutcs. T'itid ike curtcnl jlenriti^ 
through the voUameUr [e.c,e. of copper^‘000328 gm per coulomb) 

' ' Prom the first la\r of electrolysis m=e ii 


Substituting the values in, this equation tto get 

0-75«-000328 * X 10 X 60 ^ " 

*=381 amp. 

2. Three voltameters containing solutions of copper sa? 3 j| 
phate, silver mtrate and sulphuric acid are connected in scries, - A 
current of 10 amp, is passed for 5 hours through them Calculate ^ the 
masses of silver^ copper and hydrogen liberated [e c e. ,o/ silver 
=.0'00118 gm Jcovlomb, at. id. ^JOT'SS, at.wt. ofcopptri=s^0Z8*f ; 
and at weight hydrogem=l'008l 

Prom the first law of electrolysis if m is mass of the silver 
deposited 

m—eii, substituting the values 
m«0*00118x lOx 5 X 60 X 60 


e=s201*24: gms. of silver. 

If nil and jUg are the masses of copper and hydrogen liberated, 
according to Paraday’s second law they are proportional to their 
chemical equivalents. As equivalent weights = atomic weight 
devided by valency 

/. Chemical equivalent of silver «=^-5|-^a=’107'88 

L r 

03 57 * 

Chemical equivalent of Copper = — g— =31*78 
Chemical equivalent of bydrogen= -- 1 *008 


or 


Similarly 

or 


m 201 24 107 88 

mj~ w», 31 78 

nij=59 38 gm 
m 201 24 107 88 

»2g ~ JHg ” 1 008 

jna=l*88 gms. 


Thus, the weight of silver deposited =201 24 gm. 

the weight of copper deposited =63*38 gm. , 

the weight of hydrogen deposited=l'88 gm. , , , 

3 A copper voltameter ts connected in series with a tangent 
galvanometer and a battery. In half an hour the - mass of copper 
deposited IS 0~29SS gm The deflection in the galvanometer is ddf. 
JPind ike redudion factor of the tangent galvanometer [e c.c. of copper 
ssi'OOOSS gm f coulomb) ' / 


Prom the formula arrived at in the above article, we have - 

K tan 6 , s - 
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jl=- 


e m 


or 


tan 6. t’ 

cj. 0003x0 2988 

Snbstituing the values, K=— ^= 5 — ^ 

** tan 45°X 30x60 

00033x0 2988 


^ 1x30x60 

=0 50 amp 

QtCESTIONS 


(for tan 45“=].) 


1 What do you uuderstand by electrolysis ’ (See §1) 

2 State and explain Faraday’s laws of electrolysis How can they be 

verified m the laboratory ’ (See §2 and 4) 

3 What IB tbe principle of a \ oltameter ’ Describe Copper, Silver 

and water voltameter. Give the necessary theory. (See §3) 

4 Define electro-chemical equivalent of an element How can it be 
determined m the laboratory by the help of a tangent galvanometer 7 

(See §5 and 6) 

5. Describe how wonld you determme the ratio between the electro* 
chemical equivalent of two substances 7 (See §5 and 6) 

6 How can you measure current by voltameters 7 Are they better 

than ammeter 7 (See § 7} 

7 Define Faraday’s constant. (See § 8) 

8. What IS the difference between a primary cell and a secondary cell 

(See § 9) 

9 Describe m details giving diagrams the action and workmg of a 
lead accumulators, what are its ments and dements 7 (See §9 and 10) 

10 Briefiy mention the different industrial apphcations of electrolysis, 
and desenbe electro plating in details. (See § II) 


NUMERICAL QUESTIONS 

1. How long should you pass an ampre of current in a silver volta- 

meter to get a deposit of 0 11183 gm of silvery e o e of silver being 0 0011183 
gm. per coulomb (Ans 1 mm 40 sec ] 

2. Three copper voltameters in parallel are connected to a batteiy 

with resistance If after 30 minutes the deposits are 0 763, 0 742, and 0 785 
gm respectively, find the strength of the current drawn from the battery, 
(e c e of copper= 000329 gm per coulomb) (Ans 3 86 Amp.) 

3 Calculate the value of the current required to deposit 0 972 gm of 
chromium in 3 hours, if e c e of chromium is 0 00018 gm. per coulomb 

(Ans. 0 5 Amp.) 

4 A copper voltameter is put in senes with a tangent galvanometer 

having 10 turns and radius 5 cm. If the deflection is 60°, calculate the mass 
of copper deposited m SOmmutes [c c e of hydrogen=*C0001045, H=0 36; 
and atomic weight of copper (divalent)=63 57] (Ans 0 296 gm ) 


CHAPTER IX 

ELEMENTARY IDEAS ABOUT 
ELECTRO-MAGNETIC INDUCTION 

Electro-magnetic indaction : — Induced currents - 
Whenever a current is passed through a conductor magnetic field 
is produced. This was discovered by Oersted and has been treated 
in .details in Chapter II Faraday argued that if it was true, why 
its converse should not also be true, « e., why a magnetic field 
should not also give rise to an electric current ? Thinking in this 
direction he was able to demonstrate in the year 1S31 that 
wTttnever, the number of lines of magnetic force passing through a 
circuit changes, induced current is generated in the circuit The 
current lasts only while the number of lines of force passing through 
the circuit vanes This can be easily achieved by either moving 
a magnet near the circuit or moving a circuit near the Magnet The 
electro motive force so developed in the circuit is called induced 
e m.f Whereas this phenomenon is known as electro~magnelic 
induction. The number of lines of force threading the circuit is' 
known as magnetic flux 

^§2. Production of induced currents : — 

(i) By the motion of a magnet near a coil : — Connect the 
two ends of a coil G of insulated wires to the terminals of a sensitive 
galvanometer Q Let the pointer 
in the galvanometer give deflection f 
towards right when the direction of 
the current in the coil is antuclock* 
wise, and towards left when the 
direction is clockwise, (It can be 
ascertained by connecting a cell in 
series with the coil and noting the 
deflection in the galvanometer 
before doing experiment for obtam- 
ing induced currents). Then move JTig, 66 

a strong bar magnet NS towards the . ' 

coilinserting the north pole of the former into the latter as shown in 
the figure The mo|;ion of the magnet vanes the magnetic flux 
linked with the coil Gonsequently induced current is dei eloped in 
the coil and the galvanometer needle will be deflected The pomter 
moves towards right showing that the direction of the induced 
current produced in the coil anti clockwise if you atop the motion 
of the magnet, variation in the magnetic flux also stops - Consequ- 
ently the induced current ceases to exist and the galvanometer 
shows no deflection. This clearly demonstrates the fact that current 
lasts only for the time when the flux is changing and is - therefore, - 
temporary. The faster is the motion of the magnet, rapid will be 
the change in the magnetic flux, and more is the induced e m, f. 
produced in the coid. This will be indicated by the pointer of the 
galvanometer. ’ - - 
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Now withdraw tho magnet swiftly from the coil as shown in 
fig 67. Again tho flux changes and induced current is produced 
in the coil. But in tins case tho 
deflection of tho pointer will bo 
towards left, showing that now tho 
current in the cod is flowing in 
the dockiiisc direction. 

From Chapter V §6, wo 
know, that when eurront m a 
coil is flowing in tho anticlock 
wise direction the face of tho coil 
from tho observer’s side will bo- 
havo as a north polo, whereas if it 
is flowing in the clock wise direc- 
tion tho face will behave as a south pole Thus, when the north 
pole is moved towords the coil, the faco of tho coil facing the pole 
behaves as a north pole On the other hand when tho same pole is 
withdrawn, tho face behaves as a south pole If instead of the 
north pole, south polo is inserted in the coil deflections m tho 
galvanometer will be reversed The above mentioned results can be 
tabulated as follows 



Fig. 07. 


■ 

Motion of the 
mngnot 

Direotion of the 
induced current 

Polarity of the 
near face of the coil 

H 

K pole inserted 

Anticloclcwise 

North 


N polo with- 
drawn 

Clockwise 

South 


iS polo insorted 

Clockwise 

South 

H 

S polo with- 
drawn 

Anti clockwise 

North 


(tt) By Starting or stopping current in a coil : — Connect a 
coil P of insulated wires in senes with a battery B, a variable 



Fig 68. 

resistance B and a press key K Another coil S also of insulated 
wires connected to a sensitive galvanometer 0 is placed near the 
former The former coil P is called the primary and the latter coil 
S IS called the secondary Now press K so that the current passes 
through the primary As soon as the key is pressed the galvano- 
meter will give a sudden deflection, indicating the production of 
the induced current in the secondary The current so produced is 
temporary and last for a very short duration It is reduced to zero 
when the current in the primary attains a steady value The direc- 
tion of the induced current G in the secondary) so produced at the 
make of the circuit, is opposite to the direction of the current flowing 
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in the primary. Hence, this current is called inverse current.’ Simi- 
larly when the circuit is broken by releasing K, again the ,galvano- _ 
meter will register a deflection But now the deflection will be 
oppostie to that of the former, r e , in this case the direction of the 
Induced current produced in the secondary will be the same as that 
of thd current flowing in the primary. Thus, currents ace induced 
in the secondary coil, at the make and break of the direct current ‘ 
in the primary cod This can be explained Tcry easily. 

l^en current is allowed to flow m a circuit by pressing the key> 
current does not attam its steady value instaneously It takes some 
time in nsing from zero value to some steady value. In that interval 
of time current varies in the primary giving rise to larying magnetic 
field This changes the magnetic flux linked with the secondary,, 
and induced currents are produced there. When the current attains 
the steady value, there is no change in the magnetic flux, and hence 
there are no induced currents. Similarly at break curxeni takes 
some time to vanish from some steady value to zero value. This 
give rise to changing magnetic flux producing induced currents in the- 
secondaiy. Hence at'the make inverse currents are produced while 
at the break direct currents are produced. 

'^'§3 Faradays* laws of electromagnetic induction : — ^Faraday 
performed a number of experiments as described above and arrived 
at certain conclusions regarding tbe production of induced currents. 
They are as follows : — 


(1) When&oerthe magnetic fittx linked xcith a dreuH {Ranges 
induced currents are produced 

(2) The talue of the induced e.mf. so generated is directly 
proportional to the rate of change of magnetic flux. If the change in. 
flux rapid more tcill he the magnitude of the inducred e.m f produced, 
and tice versa 


If the number of magnetic hues of force threading a circuit 
changes from to 2^2 { 2^2 > -^i) hi i seconds, the induced e m f. 
e in electro-magnetic units is given by, 

** - - * ./ 

t 

^”-—-^3 in electro-magnetic system of K—1, 


or 


e cc 


e = ~E- 




The minus sign is put simply to indicate the eon /. so produced 
opposes the change, 

(3) The current so produced is temporary and lasts only tchile 
the magnetic fivx is changing. 

J §4e Len2^sLaw’. — ^According to §2 {£), when north pole of a 
magnet approaches a coil, induced current is produced in the letter 
m the anti-doduvdse direction. i.e, its near face opposite to that, pf 
the pole acquires north potarity. Therefore, there will develop ^ 
force of repulsion between the two. Hence the mduced current 
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produced in the coil "will oppose the motion of the magnet Similarly 
■when the magnet is withdrawn the nearer face developes south 
polarity. Thus, now the induced current tries to attract the pole 
when it IS moving always. So again the moiton of the magnet is 
opposed Therefore, there always exists a mutual opposition between 
the two From such experiments Lenz came to a certain conclusion 
regarding the direction of the induced current, which can be stated 
m the form of a law, as follows — 

The direction of the induced current produced is such that it 
always tends to oppose the cause which has produced it. 

^ §5. Mutual Induction — In §2 (n) we have seen that whea 

the current is made or broken m the primary coil, current is induced 
in the secondary coil. The production of the induced current in 
the secondary coil due to the variation of current in the primary la 
known as mutual induction. The e.m.f generated due to mutual; 
induction can be increased, (t) by winding the coil on soft iron cores 
which increases the number of magnetic lines of force in the coils, 
{it) by increasing the number of turns of the coil in the secondary,. 
{ill) by increasing the rate of change of magnetic flux, t.c., by increas- 
ing the frequency of make and break of the circuit. 

§6. Self-Induction — When the current is changed in a. 
circuit induced currents are produced m the circuit itself, opposing 
the current flowing m the circuit. This is known as self-induction. 
As for example if you pass current through a coil of many turns, 
the current takes some time to attain some steady value rising from 
zero value. In this interval, the magnetic flux linked with the coil 
changes giving rise to induced current The current so produced 
flows in a direction opposite to that of the rising current But it 
lasts only for a small time and dies when the original current attains 
steady value The same phenomenon is experienced when the 
current is broken in the circuit Current takes time to die out, and 
hence the magnetic flux changes giving rise to induced current 
flowing in the same direction as that of the original current Thus 
it prolongs the stay of the current and sparking is noticed at the 
tap key. As described in the construction of resistance boxes, the 
coils are doubled and then wound. This is to eliminate the effccte 
duo to self’inductxon. As the coils are wound in the opposite dirfc- 
tions, the self induced currents produced on one side of the coil will 
bo neutralised by those produced on the other side 

§7* Practical Applications . — The phenomenon of electro- 
magnetic induction finds quite a good number of practical applica- 
tions. The following are a few appliances based upon this 
principle — 

(1) Induction Coil — It is based upon the principle of mutual 
induction It is employed to convert strong currents nt lo\\ 
potentials into weak currents at high potentials 

(2) Dynamo — ^IS’^hen a coil moves in a magnetic field current 
arc induced in it Dynamo is based upon this principle. It i«> 
employed to generate electric current which i** so very impori'int 
for human necessities and industrial advancements 
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(3) Electric motor .—It; is just the reverse of a dynamo; by. 
■which electrical energy is converted back into mechanical energy. 
Every body is familiar with an electric fan so very .iiecessary .in a 
tropical country like Lidia. It employs an electric motor. 

(4) Transformer • — ^It is a device by which low voltage can 
be transformed into a high voltage and vice versa in alternatmg 
currents. 

t 

QXIESTIONS 

1. What do yoa understand by the phenomenon of olectro.magnotio 
udnction t (See § 1) 

2 What are induced currents and how can they be produced in the 

laboratory ? , , (See § 2) 

3 State faraday’s laws of electro-magnetic induction , (See § 3) 

4 What IS Lenz’s laws and how can it be verified ? (See § 2 and 4) ' 

5. Give in brief what do you understand by mutual induotioh and self- 
■mduction _ (See § 5 and 6) 

6 Name the various practical applications m which the phenomeno 9 
■of electro-magnetic mduction has been applied. (See § 


Section VI 
SOUND 




I^t it/nin c.in*i»lpr tJu Af n Jouf? wooden '»cn!e fixed nt 

one end the re«t rtf It i/s frtr n«} shown in Fi^i 1 . Tho 

ifnd A i« fixed wlnl<' the lenplh AJi n* 
h'ln/Aiunh If jou jniC weipht 

ot }i, It wll Imj dt’j»rc«' f'd. More oud 
tnoro IP the tvticht >on put, more 
nnd more fs the dcprowiion i c , the 
di-^placenicnt from its position of rest 
If now the weipht is removed, instan- 
taneously wo find that tho end li 
wants to return hack to its initial 
position. Obviously, duo to its 
displacement some force internally 
must have been devoloiied which 
must 1)0 resisting this ohango of i 

position. This force developed is called force of restitution and in 
this particular case it is developed on account of tho clastic property 
of tho scale. In the case of pendulum, as you liavo already studied, 
the force of restitution is developed on account of tho gravitational 
force Duo to this force of restitution, tho scale tries to return to 
its original position. As it comes nearer and nearer, tho force of 
restitntion becomes smaller and smaller, but the momentum goes on 
increasing. Ultimately, when tho scale is m its equilibrium position, 
the force of restitution acting is zero but the momentum is 
maximum. As a result of this momentum, the scale goes past its 
original position to the other side and in that process the momentum 
IS destroyed At the same time, the force of restitution goes on deve- 
loping When the momentum becomes zero, the force of restitution 
bnngs it back and the process is repeated To make this motion a 
simple harmonic motion, the following points must be satisfied. 



4 


pBE-TJKiYEBsrrr raxsics 


[Cha?.! 

** r 


1. li should &e strictly to and fro motion. There shotild not he 
any rofaitory or spinning motion 

2 The motion should tale place along a straight line. For, mo 
if is necessary that the displacement from the equilibrium position 

should be small. ' 

3, The acederaiion {% e , the force of restitution) should always 
direct the patiide towards the position of rest. 

4. The acederaiton should be directly proportioTial to the dis^ 


placement. ' 

To very great estent the examples quoted above satisfy the 
above four speomcations and more or less they are the examples of 
simple harmonic motion. 

§ 2 . Dednetfon of periodic time Let ns consider an 
amagmaiy case ofa heavy particle P of mass m moving round the 
circumference of a circle of radius a. _ - 

Let the linear speed of its motion be v. Let the angular 
velocity of P be e>, i e., let rt describe an 
angle o in one second. 

We -want to prove that ‘as P Circles 
round and round, its projection along the 
axis XX' or YY' p^orms a simple harmonic 
motion. 

We shall consider projection on the 
axis of X. To start vith vhen P is just on 
the axis, its projection ilf is displaced to a 
distance a from the centre 0. After time t, 
vhen the particle P is at A, subtending an 
Fig 2. angle of, its projection is at jif', when Pis 

at B, its projection is at 0, when it is at O, 
its projection is afcSf when at X', it is at X' and so on. Thus we 
find that as P moves round the circumference of the circle along 
PABGX'Y'P, its projection moves along XX' from P to 0 and then 
to P Thus, the tune in which P completes one rotation along the 
circumference of the circle, its projection M completes one to and 
fro motion along the axis XX^. . “ - 

As P is moving round and round, it can do so only under a 
centrifugal force This we know is mv^fa and is directed towards 
the centre O. Therefore, its projection M will also have the com- 
ponent of this force which would be directed towards 0 always. ■ 
Thus, if OAssa represents the force mv^]a m magnitude, its 
component force acting towards O would be represented by its I pro- 
jection OM'==v(i at the instant f. Hence, the' component force 

dragging the projection point towards O would be X 

1 , ! a a , a j 

This, in other words is the force of restitution. " ; * , , 



Hence, the acceleration of the projecrion at any instant t when. , 
its displacement is 45 form O would be < 

■ " TOC* " 


accelerations*' 


force' 


mass 
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Thus, acceleration X displacement (1) 

Wo Imow that the circumference of the circle is 27ra, and it is 
described with a linear speed v. Hence, if T is called the period of 
completing one round, 

T=27Tajv .. (2) 

„ Similarly, with angular velocity to, it completes one round 
Ka.c., completes angle 2v. Hence, 

T=2vltA . (3) 

Comparmg eqns. (2) and (3), we get 

2iTar 27r 

V to 
a 1 

or — = — 

V to 

or to=«/a . (4) 

Substituting this value from eq (4) in eq (1), we get 
acceleration = to* x displacement 
As to* is a^Gonstant, 

acceleration a displacement. 

Thus, we find that the motion of the projection on the axis 
:satisfies all the requirements of a simple harmonic motion» 

Now the period of one complete rotation=th6 ^ ;riod of 

■one complete to and fro motion T=-^ = 

to ■^/co2 

=27-/^ constant of proportionality between acceleration and 

displacement 

So, this 18 regarded as a general expression for the period of a 
■simple harmonic motion 

§ 3. A few definitions : — In the above imaginary example, 
projection M has been shown to perform simple harmonic motion 
.(S H M ) round about the equilibrium point 0. 

When M moves from its extreme position P to 0, then to the 
left extreme position X', back to O and then to its mitial position 
P, it IS said to execute one oscillation, rotation or vibration 

The period or the time which it takes to execute one vibration 
as called the time of oscillation, or tinie‘ 'of vibration 'or simply 
periodic time and is usually denoted by T ' 

The number of vibrations it performs in one second is called 
ats frequency and is generally denoted by n. 

1 

Hence, the time of one vibration = — seconds. 

n 

Therefore, T— — 
n 

Or Periodic time=inveise of frequency. 

The maximum displacement of 21 from its mean position 0 
5s called the amplitude of vibration and is denoted by a 
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§4, GrapMcal and mathctnatical representation d 

-'V 



As in the previous example, let tiio tracing point be f*, 
consider its projection J!f on F-axis When the tracing point ini* 
tially at t—Q is at 1, its projection fa at 0, and the displacement ftoffl 

O along T axis is y—0. After time i, such that <>>f= "--^-or pat 

tmg w=-^iveget or tr=-^ x— or 

after one fourth of periodic time when P is in position 2, the projeo' 
tion IB at T and the displacement y~a fa maximum. Again aftei 

T * f " 

when P is at 3, the pxojection is at O and ^a=0. Aftei 

3P 

fas-j— , whenPfaat the displacement y^—a i e., maximum 

on the negative side After/ssP, when P returns to its initial posi- 
tion, the displacement is again y—0. 

All these positions have been shown graphically. Along 7 
axis IS represented the displacement and along X --lyj s is represented 
the tunes The continuous wavy curve which we get represents 
S. H motion graphically. ‘ 1 

Mathematical Let at any instant t, the position' of the 
tracing point P be atX such that the Z.ilOP=wf. Then \ho^AO^ 
=( 7 r/ 2 —oO where ilf IS the projection of P on the F'axis i>et 
OM, the displacement at any instant be called y. . - < 


Now according to trignometxy, oos AOM— 


OM 

OA' 


Snhstitut- 


mg the values j^AOjil ={7:j2 — wt.}, OM=:y ojxd OA—ayre get, 
cos {Tcj2~<>it)—yfa, ' • 

Or, sin at—yja . . ■ . 


Or, 


y—a sm at, ' . ^ 

—a sm^...(l) because 


This eq. ( 1 ) fa called the equation of a S. S, M, " '/■ f { 
By giving i, the various -values of t^^O, TJ4:, TJ2, 3274, 2, hr 
eq. ( 1 ), we get the displacements at 'various 'instants 

' § 5 . Phase: — Let us 'now consider two tracing-points 2? and 
having the same angular velocity to and tracing the same 'circle 
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rndin*? ft. Thon projcetton'? J?/ and N on T axia will per- 
tortii Iff panldy Itvo A’, //, .Ua. which ttill bo identical in all respccta 



i*iR. r> a Fig. fi t> 

— t.c, panic period and Fame amplitude. 

If P and Q trace dificront circles of radii a and b rcspectivcl}', 
' then nl“o the projections describe SM.M but of dificrcnt amplitii* 
des. 3Inthcrantically wo can write 

y=a sm tit ... ... (i) 

and y=b sin tat . “ ... (2) 

In the cxnniples quoted above we say that both the SJJ Me, 
are in the same phase. By pha«o we mean that in both the cases 
they would reach their rcro displacement, maximum 4-vo or — vo 
displacements simultaneously together. 

To quote a practical example wo might take two simple pen- 
dulums exactly of the same length, displace them through different 
distances and leave them These two pendulums will perform 
S II. Ms which are m the same phase. 

In Fig 6a are shown two tracing points P and Q occupying 
different positions to start with. The Z.POQ=0. Their angular 



Fig Oa Fig. Ob 

velocity is the same and they describe the same circle. We here 
find that their projections M and N perform S. H. Ms. of the same 
period but differently At i=0, when displacement for M is zero- 
for W it IS equal to ON, 

After time t when P subtends an Z-tat, Q subtends an Z_taf—& 
because Q is already in advance by an /_6. Due to this advance of 
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6 tb,e dispkcomenta of M and N at no instant are siinilar. ^ 

i*as aclneved its maximum displacement* M would be stul followinj 
and so on. Mathem^atically, the S. H. M. of M is represented by 

y—u sin 'i3, 

and that of Q would be represented by 
y=a8fn(«i+fi) ••• 

Here this is called the phase 'difference between the' tw( 
5. JET. Ms In this particular example, 8 HM, of N is said t 
lead the S. H M.olM or that of M to lag behind that of JS by ai 
amonnt 6. 


Thus, when 0=0, the two motions are said to he in the sam 

phase 

When 0=7c, the tuo motions are said to be in the opposit 
phase In this particular case when one motion will he having maxi 
mum+ve displacement other would be having —ve maximum dis 
placement , when one would be crossmg the zero position from sa; 
right to left, the other would be crossing it from left to right* 


If a particle is made to vibrate under the ^action of tw 
8, H. Ms in the same diiection, the resultant motion performed hr 
the particle is also simple harmomc. 

If the periods of vibrations of the two 8. H, Ms, is the sam 
and they are m the same phase, the resultant 8 H. M has th 
same peuod but its amplitude is the sum of the amplitudes of th 
two motions If the two motions are in the opposite phase, th 
resultant amplitude u ill be the difference of two amplitudes. , 1: 
ease, the two amplitudes are equal, the resultant amphtude wout 
be zero %.s , the particle will not perform any 8. H. M, 

If the two peiiods differ slightly, the resultant motion is com 
plicated. Sometimes the resultant amplitude is sum' of, the, twi 
amplitudes and sometimes it is the difference of the two With tbi 
is connected some very important phenomenon in sound. , ' 


QUESTIONS >J 

1 Whivt isfS H M Gjvo its cboraotonstic properties and deduce a 
expression for the period of a S H.M. [see § 1 and § 2]. 

2, Define the following — ' ' 

\^) Oscillation, [(n) Period of oscillation,. {«») Frequency,' 

{iv) Amplitude and (v) Phase. § 3 and § 6J. ^ 

3 Explamthow you will roprosont a S >IT M 'graphically andmatho'mat 
cally. [see §4] , ‘ 
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\^WAVE MOTION 

§ 1 . Wave Motion : — It is a matter of common experience 
that when we thjcow a stone in a quiet pond a disturbance is 
created. Actually the stone strikes water at one spot A distur- 
bance is created This disturbance starts from the spot struck 
'and spreads outwards If a piece of paper or cork is floating on 
the surface of water we find that it simply performs up and down 
'motion but is not permanently displaced from its position or is not 
carried forward Similarly, if wo take a stretched rope and give it 
some ]erk at one end, this jerk m earned to the other end through 
the rope Each portion of the rope is temporarily affected \^uch a 
hind of disturbance which is earned from one end of the medium to the 
oihei end, without actually permanently displacing the particles of the 
medium is called a wave moiion^Jlxx wave motion, each particle per- 
forms to and fro motion round about its equilibrium position The 
disturbance is earned from particle to particle without actual per- 
manent displacement of the particle Thus, here the energy is 
carried from one end to the other end of the medium but there is no- 
permanent displacement of the particles from their mean positions 
of equilibrium 

Thws in a wave motion we note the following : — 

1 Disturbance or energy is carried from one end of th'e medium 
to the other end 

2. Foi the energy propojgation medium is necessary 

3. The particles of the medium are disturbed and perform to 
and fro motions round about their points of equilibnum. 

4 The particles of the medium are not permanently displaced 
from their equilibrium position 

§ 2 . Kinds of wave-motion : — There are two kinds of waves- 
depending on the way of their propagation and production These 
are 

(i) Transverse, 
and (l^) Longitudinal 

In transverse wave, the particles of the medium perform to 
and fro motions at right angles to the direction of propagation of the 
distuibance while in longitudinal wave the vibrations of the medium 
particles take place along the direction of propagation The other 
characteristics will be discussed in § 3 and § 5. 

The wave motion which we are going to consider here due to 
its peculiar nature as will be clear afterwards is called a Progressive 
Wave. 

§ 3 . P ropogation of Transverse Progressive Wave i — If 
wo take a thin stretched mre and pluck it at one end you will find 
a disturbance which travels throughout the length of the wire. 
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Sxtcb disturbance is transverse wave. This -transverse wave.can 
«asily"be seen .when we produce a jerk in a long stretched rope. , T- , 
In order to understand its propagation clearly we shftll cojisi- 
^er an imaginary medium having dastic properties. " The medium 
is continuous but we shall represent it as made up of a large nmn' 
ber of discreet particles 1, 2, 3.. etc. all lying along the sam^ line. 
See i^g. 7a. jSA these particles are in rigid contact with each other. 

, Let us now produce a S S, disturbance at the point 1. ^ 'As J- 
would be assumed to be in rigid ^contact with the F.Tf, 'source, ‘itj 

rT’TXT”r'7'7”"?*T«’‘ir*ja"“» w isle, ^ ' 


7b 

1 a ^ f 5 6 7 8 e lo It 13 15^ 16 ** 



la3/i56f^7l« T'lT 13 Ik IS 



would start performmg S.B M. of the same amplitude and 
Let us assume that the amplitude of vibration is to and its period 
x&T. ' ^ 

Fig. 7a, |show6 the positions of the various particles of' the 
medium when it is at rest t.c., initially at t=0. 

' ^ Fig. 76, shows the positions after t=Tl4;. ,Dnnng this peri^ 
parole 1 is displaced upwards through the maximum ^splacement 
It. Now particle 2 is in contact with 1 and therefore, it also takes 
up the motion of X. But the S.H'.ilf, wHch it performs lags m 
’ ph^ with respect to 1. Hence, 2 is -trying td'follow 1, Farticle 
no. 3 is similarly disturbed and lags belmid^2. Suppose particle ,4 m 
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nl mirh n flistmtw tlmt nl tlu' ontl of this time it 

is fliul 1*4 trying to move wpv,aTda 

Tig. ’7c‘ pliows the po«ll ions after During thin period 

no. J hnit completed it^ hnlf \iUrAtion nncl i*i about to ntart down* 
tvartl's Ko, 2 after comjiloting it*! maximum dinplacemcnt ib trying 
to follow it on it'4 heel** and ro it Imppeim onaardH. Mcanahilo 
no. 4 altamft 5<« 4 t/* maximum dl*tp!acomcnt and tho condition 
«pto 1 ii tbo panic na it wna proiiourly from 1 to 4. TIiub, uc find 
that tbo roudition of the medium from 1 to 4 has progroaged to 
rroin 1 to 7 

Xovv Tic. 7d is Fclf explanatory. TIio condition of tho medium 
from 4 to 7 ho't proprc«Pcd to from 7 to 10. 

Tjg. 7c denotes (bo condition after time t=T. Non 1 lias 
complolcd one \ibrntion and is about to start on its uccond vib- 
ration. McanwbilG tlic disturbance bns reached npto 1.3th particle 
which is nlfcO about to Mart on Us vibration. 

As pbown m Tig. 7/, we find that no 1 and no. 13 continue to 
vibrate cxncU,> identically’ or there Is no phase difibrcnco between 
tho SJLMs, of these two particles. Actually 1 has performed one 
completo oscillation more than 13 and soroetimcR wo say that phase 
difference is 2a, This phase difference 2a is taken os in tho samo 
phase. 

The condition at 7 is just tho opposite. Wo say that it is in 
opposite phase to 1 or 13 and that its phase differs by a. 

Thus as oxplamccl above tho disturbance will bo earned for- 
ward and forward as lime progress. 

We note here the following : — 

1 All the particles are performing S.JJ Ms of [the same period 
<ind amplitude and this motion is at right angles to {he direction of 
propagation, 

2. Particle no 1 and 13 are vibrating in the same phase All 
ether particles lying in between differ in phase from each other. Such 
two particles which vibrate in the same phase are said to be separated 
by a distance of one wavelength. Wo have also seen that the dis- 
turbance produced at tho point 1 at t=0 has travelled a distance 
between 1 to 13 during time t=T This distance through which the 
disturbance is propagated in one periodic time is called wavelength 
and is denoted by the symbol A If you consider the point 7, it lies 
midway between 1 and 13 and the distance 1 to 7 or 7 to 13 i.e., 
distance between two points m the opposite phase is A/2 %.e , half 
wavelength. 

3 By a study of the figures 'la to 7/ wo find that the medium 
is distorted i a., there is change of shape of the medium when suoh 
& wave IS propagated. In Tig 7/, the upper most pomts 1 and 13 
are called crests and at 7 etc , are called troughs Thusy a transverse 
■wave 10 propagated in the form of crests and troughs. Every point in 
its turn becomes a crest and a trough. 
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4. The distance between two pointe does not'^changei 
they neither come closer Or drawn apart. In other Words, due,,^ 
such a propagation, iJicic is no cJianpo in ihe density of the mt3twn,,i ' 

, 5. Due to these peculiar properties, a transverse w uto c 6» 
bo generated only in a medium which possesses tho property pf^ 
rigidity. ' ' ^ ^ 

§ 4. Kclation between, velocity, period orircqucncy and 
wavelength j— T he rale at which the disturbance is propagated m 
the medium is colled the velocity of the wave and is denoted by V, ^ 

Now wo know that in the periodic time iT the wave travels 
through a distance equal to wavelength \ hence, tho distance it 

travels per second i e , velocity V—XjT. / - 

» * * 

jWe already know that if % is the frequency of vibration, iheeJ 
ws=l/2’. Hence, substituting this in the above, we get 

F=AM ' . ' , ' 

Or, velocity == wavelength >c frequency. 

§ 5. Propagation of longitudinal progressive wave : — i 
Examples of transverse wave propagation are easier to quote he«* 
Pause there IS distorsion of the medium, which can be easily ob-" 
served. Examples of longitudmal W'avo propagation are scarce.- 
An approximate example may be quoted as tho vibrations pef-’- 
formed by a spring or the distiurhance produced in a long railway;' 
tram to which an engme is attached with a thump. 

In order to understand longitudinal wave propagation we' 
can consider the same imaginary example as m tho transverse waves^- 
Only here the vibrations of the particles will take place along tile 
direction of propagation and not at right angles to it as in the 
transverse waves ' . 

See Eig. 8b This represents tho conditioh at t~Tj4:. Aff- 
particle no. 1 attams its maximnni displacement it has pushed' 
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no. 2 which in turn pushes no. 3 and the disturbance has just 
reached no. 4. ' ' 


\ ^ ^ 


CltAV, II 3 WAVK MOTrON IS 

In Pig, S»*. the coniJition is depicted nt #==ir/2. Whatever 
teas the coiuljt iwi at 1 to 1 hnalravtlltd to 1 to 7. Partiolo no. I 
ha*? rclnrncti U-» it^ idilml position and is about to sl-art towards 
il^ ten. 

According to 3Mg Sdno. 1 linn nltained ilsncgntivc maximum 
di'sptncemcnl 'ind meanwhile the diftturhnneo has just reached 
particle 10. 

Km. ^fprf<5cnt^ the copdiflon at t~T Bv now particle 
no } has completed one \ihration and is nbqnt lo Kt^rt on its 
<?econd vihmtioii Meanwhile the disturhance liaa reached particle 
no. IS wiiieh is about to start. 

Jf wo carefully study Kig So, «o find that the condition at 
points 1 nnd 13 is txnctlv identical and hence, tlicy are exactly m 
the same pbn<je nrul hence ns in transverso wave tlio distance bet- 
ween ihojpe ti /» points is defined ns the wavelength In fact all 
other cbaractcrih-tics in this wn\o are similnr to those of trans\crso 
wave. 

However the following points whefc it differs ma}' be noted - 

I All partictet ]>> iform S U Mr. xn the snine direction tn 
irhxcli thr xravc ii proparf'itta. 

2. The medium ts not distorted hut nt some jilaccs the particles 
come too c*oser together and at others they are drawn farther apart. 
In other words, we say com pressione nnd rarefactions are produced 
in the medium. Compressions nro produced wherever the pai tides, 
come very clo«-e together nnd rarefaction where thov are drawn 
maximum apart '/ hvR, instead of crests nnd troughs here vie gel a 
tcaic in vhtch compressions and rarrfactions are produced These 
then go on progressing further and furl her. In trnns\erBO wave 
the distance between two consecutive crests or troughs is one wave- 
length wlille in longitudinal wave the distance between two con-' 
Eccutivc maximum comxircssions or rarefactions is one wavelength. 

3. Longitudinal waves, therefore, can bo produced in all 
those medn which possess bulk modulus It ts not necessary for the 
medium to possess modulus of rigidity as there is no question of change 
of shape. 

§ 6. Graphical representation of a longitudinal wave — 
The graphical representation of a longitudinal wave is exactly 
similar to the transverselwave , only m transverse wave, its graphical 
representation agrees with its actual appearance In longitudmal 
wave the slopes represent the compressions and rarefactions — the 
positive slope representing the rarefaction and the negative one the 
compression 

That 13 why whenever a sound wave is represented though its 
nature is longitudinal its graphical appearance is exactly similar to 
that of tranverse wave 

QUESTIONS 

1. WTiat IS a transverse wave ? How is it propagated ? Discuss its 
various charaotonstics [See § 2 and § 3] 

2 Define wavelength, frequency end velocity of a wave How ore 
these uiter>rolated ? [See § 4] 

3. Distinguish a longitudinal wave from a transverse wave giving .ts 
characteristics and mode of propagation [See § 6] 



SOUND AS A WAVE-MOTION 


§ I. Sound : — ^It is a common experience tha^ when a metallic 
vessel IS struck it produces sound Every one is fanailiar with Ihe 
huge college hell. If you observe it very carefully you will find 
•that the plate struck is vibiating. If you touch it and stop it' 
vibratmg you find that the sound is instantly stopped. ' Similarly; 
if you consider a big vessel filled with water and stnke itj you find 
that while the vessel is producing sound, it is also producing npples 
on the surface of water. All these experiments go to proye that 
soimd 18 produced only when a body begins to vibrate to and fro. 
Greater the force with which you strike a vessel, greater becomes 
the amphtude of its vibration and hence greater is the intensity of 
sound produced. 

The problem before us IS “How does sound produced by, the 
vessel travel upto our ears r - 

Sound is a peculiar sensalion of the eai which is interpreted hy 
ihe hrain as sound. Sound is obviously a kind of energy. How does 
this energy travel from the source upto ears * ‘ , 

§ 2. Sound as a Wave motion : — ^Let us suppose a toy paper 
boat IS floating on the surface of a still pond away from the bank. 
We want to disturb the boat This we can do by the following two 
ways : '' 

1 . By throwmg a stone or some such thing directly at the' 
boat or 

2 . By flapping the water near the bank by hand and thus ' 

producing ripples on the surface of water. These ripples or waves 
would then spread outwards and would in time disturb the paper 
boat. ^ 

Thus, in the first case the energy was carried direct from hand to 
the boat by stone while in the second case it was transmitted thropgh 
the medium water. The water made to and fro motions but t^ere 
was no permanent displacement. ^ i ^ 

When a source produces sound, there are two ways in which it 
can travel upto ear , . 

1 . The sound source might send some minute' particles to ear 
to create the sensation of sound, or 

1 2 . The sound source might produce ripple” in the intermediate ^ 

medium which in turn might disturb earl ^ - 

Now wo want to show that sound travels by the second way 
and that it is a wave motion. - . , ^ ' 

§ 3. Proof for sound as a wave inbtioM^:~WoT®oy 
a wave has the following im^iprtant properties - ^ 

(а) A vibratory source is needed for the production of, a wave. * 

(б) Medium is required'for its propagation. 



Chap. Ill ] 


SOUND AS A WAVE MOTION 


15 


(c) It takes iime to travel from one point to the other. 

(d) Wave is reflected. 

(e) Wave has the property of refraction. 
if) Two waves can interfere. 

(^) Wave possesses the property of diffraction 

Now we shall show that sound propagation possesses all these 
properties and hence it is a wave propagation. 

(a) Vibratory source ; — As already explained, sound is only 
produced by the vibratory motion of a body If you take an 



Fig. 9 


inelastic body which cannot produce vibrations, we shall find that 
it will also not produce soimd. On touching a soundmg body, the 
sound IS stopped only because its vibrations are damped ~See fig. 9. 

It shows a bell nnging and due to it longitudinal waves are created 
in the medium. 

(6) Medium : — ^You are already familiar with the jar and bell 
expenment In a huge Bell jar an 
electrical bell is kept See fig 10. If 
you rmg the bell, you can hear its 
sound. Now complete the connections 
with a vacuum pump and produce 
vacuum m the jar If you now ring 
the bell, you do not hear any sound. 

If at all you hear, it is very famt. 

Previously you could hear the sound 
because it was easily transmitted 
through air , but m the second case 
no sound could bo transmitted -with- 
out a medium Thus, this simple 
experiment proves that sound 
propagation needs some medium and 
that it cannot travel in vacuum. 

(c) Time to travel : —Those who are track athletes know that _ 
a time keeper is supposed to start his stop watch by the fis^ol the tt*, 
gun of the starter and not by its sound The reason is because 
sound takes time to travel. Similarly, the bullets from a pistol kill 
a person before he could hear the sound of the explosion We see 




16 


EBF.-TJjaVi;RSITY PBrSlC*? 


lCnAp;in 

liglitning ati^ tbon atone'ttfter sometijnD \rc can hear tbtindpr H 
produces. - ' ^ r 

> When the cxpenmfental del crmiDtitjon of {he velocity of sound 
is made, it is foimd that it comes out to ho only <132 meters per 
^cond or 760 miles per hour apprositnatel^ . In fact tbh velocity 
is 80 small that novr*a-days we hnx-’o supersonic planes vhitili can ffy 
mudb faster than this velocity of sound. - ' 

(d) Relicction s-^ou aie already familiar with. Ihn property 
of reflection m light. This holds gocoi in the case of sound also. 

All the laws Oj reflection vliich bold good 
in the case of light also hold good in the 
case of sound also. ?cc fig II, Hero 
sound produced is made to travel along a 
particular direction along the tube. Now 
at the other end of the otlier tulxs you can 
hear or detect the sound distinctlj' if it.is 
equally inclined with the reflecting surface. 

In practical life you arc familiar 
with the phenomenon of echo. Whenever 
we shout in a very big hall or in a deep 
well or outside in open conntiy surrounding 
which there aro lulls or huge buildings, 
_ . we hear our sound hack after sometime. 

Ihis sound heard after some lapse of time is called an echo and is 
ODViousIy due to reflection of sound Whenever sound trar'clUng 



through one medium is incident on another medium (it may be 
denser or rarer than the first medium) it gets reflected. 

Now normally when a sound is heaid by an ear, sensation of . 
sound persists for approximately I/IO second Therefore, when we 
speak in a small room, the sound reflected from the side walls etc 
is heard simultaneously with the direct sound However, if the 
dimensions of the room ate very big, we get a dlfFerent phenomenon. 
The velociiy of sound is approximately 1 J20 ft per second. Suppose 
the wall of the room lies at a distance of 56 ft. or more. Ho the^ 

' sound produced will have to travel 56 ft one way to. reach the wan" 
and return through 56 ft again to reach the ear of the speaker^ 
Thus, it Would cover these 66-{-56=;112 ft or more in J/10 second 
or more. Durmg this period the direct '■sound heard* b 3 ''^the 
ear would have subsided and hence it would be heard as a distinct 
sound. Therefore, an echo would occur only if the reflecting medium 
is distant 56 ft or more. > . ' ' ‘ 

' . A musician finds it easier to sing jba a clbs^ Toom. He does ■ 
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not like to sing m open air. The reason is obvious. The reflected 
sound from the walls augments his voice. 

ActuaUy. while planning an auditorium reflection from walls 
cto 18 a very important factor which has to be borne in mind. 

fcl Refraction Like light, sound is also refracted in passmg 
from one medium to the other. As in light, there are arrangements 
by which sound can be made to focus at a point or may be made to 
spread along parallel lines. 

would bo considering only the refraction 


we 


of 







However, 
sound by wind 

Suppose A IS the 
source of sound and B 
IS the observer Wmd 
IS blowing from A to B. 

Now when sound 
IS produced, let us sup- 
pose that its energy is 
spread along XY. If 
wmd IS not blowing 
e., there is no bodily 
movement of air) then 
with time the energy 
would travel forward 
and X'Y', X”!” etc. 
would be parallel to i _ ta 

XY and B would hear sound after sometime. If, 
blowm<r, the position of the air near ground level would travel 
slower than the portion of air higher Hence, as ^ 
forwards its next position would be inclined ^ e , along A. Jr , a. z 
as shown in fig 13a Thus, the whole of sound energy would pass 
over 3 and sound would be heard distmctlv. If 
IS m the opposite direction, reverse would happen (as shown m 
fiff 136 ) and most of the sound energy would not reach the obse^er. 
Hsnce, 4Cover we try to beer dong the dirertion of wmd we hear 
distmctly and opposite to wmd direction mdistmctly. 

Interference This phenomenon of interference is a 
verTimDortant and distinct property of wave phenomenon. Two 
exactly identical waves, identical m all respects, produce 
menon When such two waves reach a particular spot simultaneoi^ 
Iv in the same direction and m the same phase, they help and au^- 
4nt Shem oftcts On tho other hand, it the two waves reaeh 
there in opposite phase they cancel each others effect 

TM. A and B be two identical sources of waves. If 0 is a 

•v^+St^eTatequi-distaucefromboth AandR, tho two waves 

1 j rpach the spot 0 in the same phase and the point 0 would 

would re^h the ^otum^Ve the ampH On the other hand if 

Jf^rs^ch a pmnt that the distance 3M is^ater than the ^istence 
AM bTA/2 (where A is the wavelength), the two waves reach 

4ero in opposite phase That is if the disturbance from A wants 
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to move it irt one direction, that from B \ronld try to move it exact- 
ly in opposite direction. The result vrould he that the point .'M 
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would not be disturbed at all. 


Thus, we say that the tvo waves reinforce each other at 0 or 
such other pomts where they are m the same phase (as explained 
in § 6, chapter I, when phase is zero or 23 t or 4tJ - 1 e., path difference 
A or 2X etc.,) and destroy at M or such other points where they are 
in opposite phase (i.c , phase difference rz or path difference A/2 etc ). 
At d, therefore, there would he maximum eneigy and at M there 
will be no energy 

Now in sound rf we take two identical sources of sound, 
identical in all respects, we find that at some places the two to- 
gether produce maximum sound while at others minimum sound. 
This phenomenon is called mterference of sound. 

A practical demonstration of this can be shown by the foUow- 

“S — 

Qaixiche’s Tubes s — ^As shown in the figure ABC is a bcfilow 
brass tube of wide bore. At D and E and sbding into it there is 

another tube POB. This tube 

aH V 

V 

\ »' 


B 


can be inserted in or can be- 
taben out. There^are gradu- 
ations marked at the ends P ’ 
and It just-to show the dis^ 


I iOl of the tube.. A 
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I and G are the two symmetri- 
cal open .ends where reflec- 
tively the 'source and ah ear 
can be placed. , ' 

Now a somce is sound- 
ed at A.' ^ The energy divides^ 
•and one part travels along 
ABQ and the other PQR, Thus, we get two identical waves. * If 
the path ABC is exactly equal to the path DPQBBf the two •waves 
would reach at O simultaneously' in -the .same phase and sound 
heard 'will be maximum. - '' ' — 

Note this position of PQB on the scale marked oh it. Now 
gradually draw it- out so that this path increases, , A stage ,wfll'’ 
come when at G you •will not hear any- sound It 'in^ns' that, the 
path DPQRE has mcrease'd by 7^2,' where A is the ■wavelength . of 
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the sound produced at A. By noting the position PQB, this term 
A cAn bo determined. 

Thus, we not only demonstrate the phenomenon of mterfer- 
once but also can determine wavelength of the sound, 

(g) Difiractiou : — This is also a phenomenon peculiar with, 
the wave phenomenon. When a wave comes across" an o bstac le, it q 
bonds round the corners of the obstacle and enters the region of 
geometrical shadow. 

We know that oven when our friend is standing behind Or 
wall, we can hear him. The reason is obvious. The sound energy 
starting from him can bend at corners and reach us. Had sound 
consisted of some shootmg particles this would not have been 
possible. 

Thus, from the above we find that sound possesses all the 
properties of a wave. And, hence, sound must travel from one 
place to the other in the form of a wave. 

§4. Sound is a Longitudinal Wave:— Now the question 
swhether it is a transverse wave or a longitudinal. The answer 
to this question would be indirect. 

We know that sound needs a medium and that medium is air 
which IS a gas Gases do not have shape of their own and henoej^- 
do not possess the property of rigidit y. For the production of trans- 
verse waves, we have already studied that the medium must possess ^ 
rigidity le ,it should be capable of regaining its shape once distorted 
Hence, transversa waves caunot be generated in gases. Therefore 
sound cannot be a transverse wave motion. 

The only other alternative is that sound must be a longi- 
tudmal wave motion 

When the strings of a viohn are struck, they begin to perform 
transverse oscillations Due to these longitudinal waves are generat- 
ed in air. These waves then reach our ears and create the sensation 
of sound Actually after striking the membrane of the ear, the 
membrane performs transverse vibrations 

QUESTIONS 

1 Prove that Bound is a longitudinal wave propagation 

[See § 3 and § 4J 

2. How do you explain refrootion of sound by wind [See § 3c] 

3. What 18 echo ? Explain why only a deep well can give on echo ? 

[See 3d] 

4. What do you underatond by interference 7 Explain Quincke’s tube- 
arrangement to determme wavelength of sound. [See § 3/] 


VELOCITY OF SOUND 


§ I, Newton’s Formula s — In the previous chapter tre have 
seen that sound is propagated m the form of longitudinal Traves in 
air When a longitudinal wave progresses it does so in the form ot 
compressions and rarefacticfeis. These compressions and rarefactions 
take place m quick succession. Newton assumed that wlnle these 
compressions and rarefactigns are produced there isjno change! i>f 
temperature involved Hence, the bulk modulus of the m^edinm 
which we should consider should be the isothermal bulk modulus o( 
the medium ' ' ", 


Now, we have to assume that the velocity F of a longitudmal 
wave in a medium possessmg density d and bulk modulus E is given 

^7 

V==VEjd ...( 1 ) - ' 

From the above consideration we know that E represents the 
isothermal bulk elasticity of the medium. . 

Now, we know that for a perfect gas, the isothermal bulk 
elasticity is equal to its pressure P (This has to be taken for 
granted). Hence, the above formula can be accordmg to Newton 
rewritten as ’ 


V=VP/d .. (2) 

At N T P„ the atmospheric pressure P=7Gx 13 6 x 081 dynes 
per sq cm and for air d=0 00129 gm per c c. Substituting ^ these 
values m the above we get. 



76xl3'6xaSl 
0 00129 


=280 metres per see. 


§ a. Laplaces’ Correction : — Experimentally when the value 
for velocily of sound is determined and all corrections (as' discussed ' 
later) are applied we got a value of 332 meters per second at N.T.P. v 
This difference of 332 — 280=52 meters/sec is a very laige difference 
between the theoretical and experimental values. This’ cannot! he 
•explained as an experimental error. Hence, there must be something 
wrong with the theoretical value. In theoretical value the only 
mistake ^ can be with the assumptions. Lotploccs” questioned the 
assumption that the bulk modulus should be the tsothermal bulk modulus. 
According to him when a longitudinal wave progresses in a medium, ^ 
•the changes which the medium undergo cannot i be isothermal When j 
compression takes place, heat must be produced. . LikeTOise_^with 
rarefaction cooling must take place These take place in such ^niok' 

-succession that there is no 'time' for eqiialisation of teinpefatufe.', 

, Eenee, these changes take place adtabattcally toUh change oj iemperoli^e. ■' 
Therefore, the elasticity to be considered cannot ^^othe'rmal ‘OTt 
must be adiabatic If adiabatic elasticiiy is fepresenled ^by P 9 , 
we get ' / " 
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ITow, wo know thnl ntlinbntic olosticity of a gas is equal to 
Py ^\herc P is the pressure and where C, ond C, are 

rcbpcclivcly the spceific Jients of n gas at constant pressure and 
volume. (All this has to bo taken for granted). By makmg this 
substitution in the above, ue get 

... (3) 

^Vy xVPid 

Now, at N.T.P , wo have already seen that 

V inetrcs/sec 
and for a diatomic gas like air y=l‘4, hence 

r==V 1^x280 
=331 metres/sec 

This theoretical value of 331 metres/sec very closely agrees 
with the experimental value of 332 metrea/seo Hence, correction 
as applied b3* Laplaces must be valid Therefore/ now we regard 
correct expression for volocitj' of longitudinal wave of sound m a 
gas as 

r=VyP/d 

§ 3. EjScct of various factors on velocity of sound i— In 
order to determine correct value of the velocity of sound we must 
take into consideration the following factors which might affect it. 

(a) Humidity. 

{b) Pressure 
(c) Temperature, 
id) Wind 
{e) Personal 

(a) Humidity When the humidity of air changes, assuming 
that other factors remain the same, the density of the medium 
would change As water vapour is lighter than air, therefore as 
humidity uould increase, the density of the medium would decrease. 
In the expression for velocity V—VyPId, because d occurs in the 
denominator, therefore velocity of sound would increase. 

This IS the reason why on a ramy day distant sounds are 
readily and distmctly beard 

{b) Pressure : — According to Boyle’s law we know that other 
factors remaining constant, if pressure P vanes, the ratio Pjd re- 
mains constant Because in the expression foi V, the ratio PJd 
occurs, therefore, even if the pressure of the medium changes, the 
velocity V would remain unaffected. 

Therefore, there ts no effect of pressure on the velocity of sound 
'' and hence it mny not be noted 

(c) Temperature : — ^Temperature has marked effect on velo- 
city [of sound ,;To understand it, let us first consider the gas 
equation We know that accordmg to gas equation 

« _ PlVi 

m m 
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where tl 3 .o‘B;^jiibols hare their usual laeanings.' If the mass of the 
gas bo w and d, its respoctive densities at the tomporatares i , and 
we have u— 7tt/d and v^s^mjdif. Also 2'”2734*^ and^ 2j«=!273+tj 
where t, add tj are expressed in centigrade scale. " Maldng these’ 
substitutions in the above, we get ^ > 


Or, 


" P.m ^ 

Py.m 

d(273+-t) 

di(273+<j) 

Dividing the denominator in the above by 273, we get 

P.m. 

T1 ^ 

Pl.m 

•(cm 

/273±£A 

2nJ 

P.wil _ 

P^.m 

‘*0+S3‘) 

0+ 2k‘') ■ - 

Put l/273=a and cancel m from botb the sides^ Then we get 

P ^ Pt 

d(14“cd) 

d,(l+ed,) 


If pQ, do represent the respective quantities at temperature 0* 
we get by puttmg O for ti, Pg for Pj and do for di, 

P _ Pi -■ Pq? _Pn ’ 


Or. 

Or, 


d(l+od) d|^l+ff<j) do(l+axO) dg 

P -Pq 


dU+od) do 
d do 


(1+aO 


( 1 ) 


This 18 another way in which'a gas equation can be represented. 
Now let the velocity of sound be Vn and V respectively at 0°G 

mi j • _ <»«> '' XT 


and fG. Then according to §2, 

Fo 


and 


-V'f 

-V’T 


( 2 )' 

(3) 


Substituting the value of PJd from eqn.'(l) in eqn. (3), we get 

=v 


p. 


r-^xVl+af. 


Substituting the value of Y -^from eqn.' (2), we get 


F— FoVl+«d 

" ^ ' /■" 


' i 


(4) 
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Or, 

Or, 

Or, 


-V AlUtti 

*^0 'Y 273 ® V 273+0 

Here, we have converted centigrade temperatures into absolute, 

V 

* VT VTo 

■X==K, a constant 

VT 

V=Ky/T 

Vay/T ... (5) 


Thus, velocity of sound is directly proportional to the square root 
of absolute temperature With increase of temperature, velocity also in- 
creases 


Now equation (4) can also be written as 

r=Fo(l+ai)^ .. (6) 

1 i 

As , a i IS a small quantity. Therefore, when (1+ 


IS bmomially expanded, we get (I+« 0^=1 + J« t, neglecting higher 
powers of a i Hence, the expression (6) becomes 

F==F„(l+ia<) 

= Fo+'J. Fo a.t 


Substituting value of Fo=332 metres/sec and a—lj273 we get 
F=F„+4 332 7^7 « 

or V=Vo+o-6t ... (7) 

The expression (7) is true when F and Fp are expressed m 
metres per second and t m “G. 

Thus, from above tue find that approximately for every °C. rise 
of temperature, the velocity of sound increases by 0 6 metres per sec or 
60 cm per sec. 

(d) Wind : — ^Let the velocity of sound bo F and IF be the 
wmd velocity If wmd is blowing in the same direction as that of 
sound, the sound velocity would become F+ IF. If it is blowing in 
the opposite direction, sound velocity would be F — IT''. If the wmd 
direction is malung an angle with the sound propagation, wo will ho 
required to consider the component of wind vclocit 3 ' along the 
direction of propagation of wind. 

Therefore, in order to eliminate the wind effect, the determin- 
ation of F IS made in both the directions and the mean is tahen. 


(c) Personal This is such an error which cannot ho helped. 
It varies from person to person. The best way is to take n large set 
of observations and get the mean value. 
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air :i.lie^docityof1fghrS*com^l” of Vdocity of Sounds 
velocity of sotind^ infinite compared, to ti 

station there is a gun and s, ^ s^^ons are chosen. At evet 
rtation^. tho 8top®^S Whcntio gun is dh^dl 

^ flash. When aonad ishsardbv^ * the station Jf on seem 
The time intervalthns noted hv *^estop watch is stopped 
^'Stance from^4 to'?^ Jho lime in which sonm 
repeated when sound is produced experimental 

both the observations, the vSooX nf j 
mean is taken. ^ °f sound is calculated and tin 

are applied and the standard vain, 
based.’^*"' iatbe genera, prioeiple on wb.eh varmns mathoda are 

S^r XT Q.UESTIONS 

and § 2 ].' Newtoa’B formula and disousa Laplaco,* corro f ' * 

2 «»piaco'» correction fseog 1 

ofpr«„re, h„„,a,^ to„.p.«tara. on ihe 
sfoI»otalolo„pt^t^^f™'°“grf_»™d^h dTO^^^ to 11,0 root 
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CHARACTERISTICS OF SOUND 


I » . Music and Noise :~'\Ve lm\ o olrcnd3' soon that wlien- 
e%*cr a disturUnneo js produced jn a meduun, sound is licard This 
Sound may broadly- 1)0 di\idcd Inio (o) Mu'Jic and (6) Noise When 
the sound produced is due to a periodic disturbanco of a certain 
rc^ihnh% vritli continuity' and %%ithout abrupt changes m amplitude, 
it 19 called Musical soniid When iho diiiurhanoe ib non ponodio 
and there are sudden changes of amplitude, the sound so produced 
is called Noise. AVc are hero mainly concerned with musical sound. 

§ a. CbnractcristicR of musical sound: — There are three 
main cbnractenslios of inustcal sounds by which they con bo 
distinguished from each otlicr. 

(а) /owdnesi. coR c'/? 

(б) Pitch. 

and (c) Quality or Imbrc. 

(a) Loudness or Intensity : — Loudness relates to (he magnitude 
of the ecns'Uwn producid on the organ of hearing. It is something 
subjective Actually the objective term is intensity of sound and 
if is defined as the energy of a wive passing through unit area in unit 
time til a perpendicular dtreetion It con bo shown that this energy 
« directly proportional to the square of the amphlude of the wave. ' 
Under certain limits, we can soy thofc loudness of sound %s proportional 
to the intensity Loudness actually in addition depends on the 
sen'silivoness of the car. 

It has been observed that sensation of loudness in ear depends 
on the frequency of sound also. Hence, two sounds of the same 
intensity but of diiferent frequencies may appear to be of difierent 
loudness. 

Ordinarily f greater ts the intensity, greater is the loudness of 
sound. 

Generally greater is the vibrating area and greater is its 
amplitude of vibration, greater will be loudness of sound it produces. 
That 18 why in big colleges we find very huge bells. 

The intensity and hence the loudness of sound varies inversely 
as the square of its distance from the source. 

The unit m which loudness is measured is called decibel. If 
we call the threshold of hearing has a loudness of zero decibel, 
whisper has 10 to 20 and conversation has 60*66 decibel loudness. 
The loudness becomes pamful if it increases above 130 decibel^Y7^,5jq- 

(b) Pitch or frequency —The degree of shnUnesa or a ravene aa ' 
of sound ts defined as its pitch. For example, theTibrn of a car or a 
whistle of a railway engine may have same loudness, but whistle 
appears to be more shrill. Similarly voice of a woman is shriller 
than that of a man, though it might have low loudness. This sensa* 
tion of pitch dependa-Oh the frequency of sound wave Cheater is the 
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frequency grecUer ia the pitch. Often pitch and frequency arc 
the same aenae. 

^ - -kJ 

The ear is not equally sensitive to all the frequencies.^ It has 
been observed that the lower limit is approximately 30 vibrations per*^ 
second while the upper Jimit varies with the age of a person., 
Generally it varies between 13,000 to 20,000 vibrations per second, j 
It has been observed that ear is the most sensitive at about ‘ 1000 . , 
vibrations per second. 

Sounds of frequencies greater than 20,000 v.p.8 belong to 
Ultrasonics These sounds cannot bo heard by a human ear. 

That is why we have special whistles sound of which cannot ^ 
be heard by human beings but by dogs. In recent days, this science - 
of Ultrasonics has developed to a very great stage. 

(c) Quality or Timbre. — A sound of only one frequency is 
called pure note Usually a sounding body produces complex note. 

Tuning fork os shown in h^ig 16 is an instrument i 
of peculiar shape. It is normally made of elastic , 
metal of certain dimensions. A and B are called 
the prongs and C is the handle. When the prongs ' 
are lightly struck against a rubber pad, the prongs ' ' 
hegm to vibrate. Usually the frequencies of which . ^ 
they are made are 266, 288, S20, 341*3, 384, 426*7, " 
480, 512. Porks are also made havmg frequencies 
double the above mentioned ones These firequencies . 
are chosen on a particular scale which is called ‘a 
musical scale. " ' 

If a source has a frequency n and other has a frequency 2n, 
2n is called the harmonic of to, ' . , 

Two soimds may have the same loudness and the pitch, yet , 
we can say that they are not identical and can distmguish them from 
each other That which dtahngmahea them from each other ts called the 
Quality or Timbre of aound This quality depends on the mixture 
of notes produced by it. Generally the note contains mixtxre of 
the fundamental and its harmonics. Bicher a sound is greater is 
the admixture of harmonics it has. 

Thus we distinguish a note of Tabla from -that of harmonium, , 
voice of one man from the other and so on. 

fttJESTIONS - / ' 

1, Define and distingmsli Music from 17 oisq [See § 1] , 

. ' What are the characteristics of sound ? Dsplam them giving syitahlo 

examples [See § 2] ' ' ' ' 
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